
COMPOSITIONS AND METHODS FOR USE IN MODULATING 
IMMUNE SYSTEM FUNCTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims the benefit of U.S. Provisional Application 

No. 60/196,921, filed April 13, 2000, the contents of which are entirely 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to the fields of mammalian immunology, 

retinoid receptor biology and mammalian disease therapeutics. More particularly, 
the invention relates to compositions and methods useful in modulating the 
activity and function of the immune system of an animal. Specifically, the 
present invention provides compositions and methods for modulating the 
function of the immune system in an animal, particularly by activating antigen- 
presenting cells or by inhibiting/delaying apoptosis of antigen-presenting cells, 
the methods comprising administering to the animal an effective amount of a 
composition comprising at least one retinoid and at least one cytokine. In related 
aspects, the present invention provides compositions and methods for 
modulating the function of the immune system in an animal, particularly by 
inducing apoptosis of antigen-presenting cells, the methods comprising 
administering to the animal an effective amount of a composition comprising at 
least one synthetic retinoid. The methods and compositions ^f the present 
emion arc useful m treating and/or preventing a variety of physical disorders 
m mammals including infectious (bacterial or viral) diseases, parasitic diseases, 
cancers (particularly carcinomas), immune system dysfunctions, and the like 
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Retated Art 

Retinoids, 

[0003] A number of studies have demonstrated that retinoids (vitamin A 

derivatives) are essential for normal growth, vision, tissue homeostasis, 
reproduction and overall survival (for reviews and references, See Sporn et aL, 
The Retinoids, Vols. 1 and 2, Sporn et aL , eds., Academic Press, Orlando, Florida 
(1984) ). For example, retinoids have been shown to be vital to the maintenance 
of skin homeostasis and bamer function m mammals (Fisher, G.J., and Voorhees, 
J.J., FASEB J. 70:1002-1013 (1996)). Retinoids are also apparently crucial 
during embryogenesis, since offspring of dams with vitamin A deficiency (VAD) 
exhibit a number of developmental defects (Wilson, J.G., et aL, Am. J. Afiat. 
92: 1 89-2 17 (1953); Morriss-Kay, G.M., and Sokolova, N., FASEB J. 70:96 1 -968 
(1996)). With the exceptions of those on vision (Wald, G., et aL, Science 
762:230-239 (1968)) and spermatogenesis in mammals (van Pelt, H.M.M., and 
De Rooij, DC, Endocrinology 728:697-704 (1991)), most of the effects 
generated by VAD in animals and their fetuses can be prevented and/or reversed 
by retinoic acid (RA) administration (Wilson, J.G., et aL, Am. J. Anat. 92:189- 
2 1 7 (1953); Thompson eta!.,Proc. Royal Soc. 759:5 10-535 (1964); Morriss-Kay, 
G.M., and Sokolova, N., FASEB J. 70:961-968 (1996)). The dramatic teratogenic 
effects of maternal RA administration on mammalian embryos (Shenetelt, R.E., 
Teratology 5, 103-108 (1972); Kessel, M., Development 775:487-501 (1992); 
Creech Kraft, J., In Retinoids in Normal Development and Teratogenesis, G.M. 
Morriss-Kay, ed., Oxford University Press. Oxford, I TK. vp 26^-280 ( 1 992)). and 
the marked effects of topical administration of retinoids on embryonic 
uCveiupmen; ol vertebrates and iimb regeneration in amphibians (Mohantv- 
Hejmadi. et al„ Nature .W:352-353 (1992); Tabin, C.J., Cell 66:199-217 
(1991)), have contributed to the notion that RA may have critical roles in 
morphogenesis and organogenesis. 
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Retinoid Receptors. 

[0004] Except for those involved in visual perception (Wald, G. et Science 

762:230-239 (1968)), the molecular mechanisms underlying the highly diverse 
effects of retinoids have until recently remained obscure. The discovery of 
nuclear receptors for RA (Petkovich et al, Nature 33(9:444-450 (1987); Giguere 
et al., Nature 330:624-629 (1987)) has greatly advanced the understanding of 
how the retinoids may exert their pleiotropic effects (Leid et al , TIBS 7 7:427-433 
(1992); Linney, E., Current Topics in Dev. Biol. 27:309-350 (1992)). Since this 
discovery it has become apparent that the genetic activities of the RA signal are 
mediated through two families of receptors — the RAR family and the RXR 
family — which belong to the superfamily of ligand-inducible transcriptional 
regulatory factors that include steroid/thyroid hormone and vitamin D3 receptors 
(for reviews see Leid et al., TIBS 77:427-433 (1992); Chambon, P., Setnin. Cell 
Biol. 5; 1 1 5-125 (1994); Chambon, P., FASEBJ. 70:940-954 (1996); Giguere, V., 
Endocrinol. Rev. 75:61-79 (1994); Mangelsdorf, D.J., and Evans, R.M., Cell 
83:84 1 -850 ( 1 995); Gronemeyer, H. , and Laudet, V. , Protein Profile 2: 1173-1 236 
(1995)). 

RAR Receptors 

[0005] Receptors belonging to the RAR family (RARoc, P and y and their 

isoforms) are activated by both a\\-trans- and 9-c7\v-RA (Leid et al., TIBS 1 7:427- 
433 (1992); Chambon, P., Setnin. Cell Biol. 5:115-125 (1994); Dolle, P., et al., 
Mech. Dev. 45:91-104 (1994): Chambon. P.. FASEB J. /■O.04O-954 { \Q^ )h 
Within a given species, the DNA binding (C) and the ligand binding (E) domains 
o\ the three RAR types are highly similar, whereas the C-terminal domain F and 
the middle domain D exhibit no or little similarity. The amino acid sequences of 
the three RAR types are also notably different in their B regions, and their main 
isoforms (a 1 and a2, (31 to [34, and y\ and y2) further differ in their N-terminal 
A regions (Leid et al., TIBS 7 7:427-433 (1902)). Amino acid sequence 
comparisons have revealed that the interspecies conservation of a given RAR 



type is greater than the similarity found between the three RAR types within a 
given species (Leid et al, TIBS 77:427-433 (1992)). This interspecies 
conservation is particularly striking in the N-terminal A regions of the various 
RARa, P and y isoforms, whose A region amino acid sequences are quite 
divergent. Taken together with the distinct spatio-temporal expression patterns 
observed for the transcripts of each RAR and RXR type in the developing embryo 
and in various adult mouse tissues (Zelent, A., et al, Nature 339:7 14-7 \ 7 (1989); 
Dolle, P., et al , Nature 342:702-705 (1989); Dolle et al. Development 110: 1 1 33- 
1 151 (1990); Ruberte et al, Development 705:213-222 (1990); Ruberte et al, 
Development 777:45-60 (1991); Mangelsdorf et al, Genes & Dev. 6:329-344 
(1992)), this interspecies conservation has suggested that each RAR type (and 
isoform) may perform unique functions. This hypothesis is further supported by 
the finding that the various RAR isoforms contain two transcriptional activation 
functions (AFs) located m the N-terminal AJB region (AF-1) and in the C- 
terminal E region (AF-2), which can synergistically, and to some extent 
differentially, activate various RA-responsive promoters (Leid et al, TIBS 
77:427-433 (1992); Nagpal, S., et al. Cell 70:1007-1019 (1992); NagpaL S., 
et al, EM BO J. 72:2349-2360 (1993)). 

RXR Receptors 

Unlike the RARs, members of the retinoid X receptor family (RXRoc, P 
and y) arc activated exclusively by 9-r/v-RA (Chambon, P., FASEB J. 70:940- 
954 (1996): Chambon. P.. Semin. Cell Bin! 5:1 15-125 (1994): Dulic. P.. et al, 
Mech. Dev. 45:91-104 ( 1994); Linney. E.. Current Topics in Dev Rh>! ?7-?rw 
350 i 1992): ixid et al, TIBS 7 7:427-433 (1992): Kastner et al. in Vitamin A in 
Health and Disease, R. Blomhoff, ed., Marcel Dekker, New York M99^)) 
However, the RXRs characterized to date are similar to the RARs in that the 
ditterent RXR types also differ markedly in their N-terminal A/B regions (Leid 
et al. TIBS 7 7:427-433 (1992); Leid et al . Cell 6<S:377-395 (1992); Mangelsdorf 
et al. Genes and Dew 6:329-344 (1992)), and contain the same transcriptional 
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acti vation functions in their N-terminal A/B region and C-ternninal E region (Leid 
et aL, TIBS 77:427-433 (1992); Nagpal, S„ et aL, Cell 70:1007-1019 (1992); 
Nagpal, S., et aL, EMBO J. 72:2349-2360 (1993)). 
[0007] RXRa and RXR(3 have a widespread (possibly ubiquitous) expression 

pattern during mouse development and in the adult animal, being found in all 
fetal and adult tissues thus far examined (Mangelsdorf, D.J., et aL, Genes & 
DeveL 6:329-344 (1992); Dolle, P., et aL, Mech. DeveL 45:91-104 (1994); 
Nagata,T.,*7tf/.,G>77£? 742:183-189(1994)). RXRy transcripts, however, appear 
to have a more restricted distribution, being expressed in developing skeletal 
muscle in the embryo (where their expression persists throughout life), in the 
heart (after birth), in sensory epithelia of the visual and auditory systems, in 
specific structures of the central nervous system, and in tissues involved in 
thyroid hormone homeostasis, e.g., the thyroid gland and thyrotrope cells in the 
pituitary (Mangelsdorf, D.J., et aL, Genes & DeveL 6:329-344 ( 1992); Dolle, P., 
et aL, Mech. DeveL 45:91-104 (1994); Sugawara, A., et aL, Endocrinology 
7^6:1766-1774 (1995); Liu, Q., and Linney, E., MoL EndocrinoL 7:651-658 

(1993) ). 

[0008] It is currently unclear whether all the molecular properties of RXRs 

characterized in vitro are relevant for their physiological functions in vivo. In 
particular, it is unknown under what conditions these receptors act as 9-crs-RA- 
dependent transcriptional regulators (Chambon, P., Seinin. Cell Biol. 5:1 15-125 

( 1994) ). The knock-outs of RXRa and RXRP in the mouse have provided some 
insight into the physiological functions of these receptors. Foj e\ ample, the 
ocular and cardiac malformations observed in RXRoc fetuses CKa^tner. P , <-t C iL . 
Cell 7*:9SM003 (1994); Sucov, HAL, et aL, Genes & DeveL R- 1007-10] 8 
{ 1994)) are similar to those found in the fetal VAD syndrome, thus suggesting an 
important function of RXRa in the transduction of a retinoid signal during 
development. The involvement of RXRs in retinoid signaling is further 
supported by studies of compound RXRa/RAR mutants, which reveal defects 
that are either absent or less severe in the single mutants (Kastner, P., et aL, Cell 
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7<S:987-1003 (1994); Kastner, P., et ai, Cell <W:859-869 ( 1995)). Interestingly, 
however, knockout of RXRy in the mouse induces no overt deleterious effects, 
and RXRy" 7 " homozygotes which are also RXRa 7 or RXRp' exhibit no 
additional abnormalities beyond those seen in RXRa \ RXRP 7 and fetal VAD 
syndrome fetuses (Krezel, W., et al, Proc. Nati Acad. ScL USA 93( 7 7):9010- 
9014 (1996)), suggesting that RXRy, despite its highly tissue-specific expression 
pattern in the developing embryo, is dispensable for embryonic development and 
postnatal life in the mouse. The observation that live-born RXRy /RXRP' 
/RXRa +/ * mutants can grow to reach adult age (Krezel et ai, Proc. Natl. Acad. 
Sci. USA 9J(77):901()-9014 (1996)) indicates that a single RXRa allele is 
sufficient to carry out all of the vital developmental and postnatal functions of the 
RXR family of receptors, particularly all of the developmental functions which 
depend on RARs and may require RXR partnership (Dolle, P., et ai, Mecli. Dev. 
45:91-104(1994); Kastner, P., et ai, Cell 8^:859-869 (1995)). Furthermore, the 
finding that RXRa VRXRy double mutant embryos are not more affected than 
are single RXRa _/ " mutants (Krezel et ai, Proc. Natl. Acad. Sci. USA 
9J(7 7):9010-9014 (1996)) clearly shows that RXRP alone can also perform some 
of these functions. Therefore, the fact that RXRa alone and, to a certain extent 
RXRP alone, are sufficient for the completion of a number of developmental 
RXR functions, clearly indicates the existence of a large degree of functional 
redundancy amongst RXRs. In this respect, the RXR situation is different from 
that of RARs, since all of types of R AR double mutants displayed much broader 
sets of defects than single mutant^ (Rowc. A . et ai. Develop 1 1 J ' nn \ — 
(1991); Lohnes. D.. et ai t Develop. 120:2123 2748 (1994); Mendelsohn C 
Develop, j 2U:2 Z49-277 1 (1994)). 

Retinoid Binding to I&\R and RXR Receptors 
[0009J The crystal structures of the ligand-binding domains (LBDs) of the RARs 

and RXRs have recently been elucidated (Bourget. W., et ai , Nature ?75:377-382 
(1995); Renaud, J. P., et ai. Nature ^7<V:68 1-689 (1995), Wurtz, J.M.. et ai. 



Nature Struct. Biol J:87-94 (1996)). Among the various RAR types, substantial 
amino acid sequence identity is observed in these domains: comparison of the 
LBDs of RARcc, RARP and RARy indicates that only three amino acid residues 
are variable in the ligand-binding pocket of these receptors. These residues 
apparently account for the fact that the various RAR types exhibit some 
selectivity in binding certain synthetic retinoids (Chen, J.-Y., et al, EMBO J. 
14(6):l 187-1 197 (1995); Renaud, J. P., et al. Nature 378:681-689 (1995)), and 
consideration of these divergent residues can be used to design RAR type-specific 
synthetic retinoids which may be agonistic or antagonistic (Chambon, P., FASEB 
J. 70:940-954 (1996)). This design approach may be extendable generally to 
other nuclear receptors, such as thyroid receptor a (Wagner, R.L., et al, Nature 
378:690-691 (1995)), the ligand-binding pockets of which may chemically and 
structurally resemble those of the RARs (Chambon, P., FASEB J. 70:940-954 
( 1996)). Conversely, molecular modeling of the ligand-binding pocket of the 
RXRs demonstrates that there are no overt differences in amino acid composition 
between RXRoc, RXRp and RXRy (Bourguet, W„ et al, Nature ^75:377-382 
(1995); Wurtz, J.M., et al., Nature Struct. Biol 3:87-94 ( 1996)), suggesting that 
design of type-specific synthetic ligands for the RXRs may be more difficult than 
for the RARs (Chambon, P., FASEB J. 70:940-954 (1996)). 

Retinoid Signaling Through RAR:RXR Ileterodimers 
Nuclear receptors (NRs) are members of a superfamily of Iigand-inducible 
transcriptional regulatory factors that include receptor^ f^r steroid Ik u monies, 
thyroid hormones, vitamin D3 and retinoids (Leid. M.. et al. Trends Bifwhem. 
Sci. 7 7; 427-433 (1992); Lcid. M , etal y Cell 68:111 -195 (1992): and I jnnev. H 
Lurr. iop. Dev. Biol, 27:309-350 (1992)). NRs exhibit a modular structure 
which reflects the existence of several autonomous functional domains. Based 
on amino acid sequence similarity between the chicken estrogen receptor, the 
human estrogen and glucocorticoid receptors, and the v-erb-A oncogene (Krust. 
A., et al, EMBO J. 5/891-897 (1986)), defined six regions - A, B, C, D. li and 
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F — which display different degrees of evolutionary conservation amongst various 
members of the nuclear receptor superfamily. The highly conserved region C 
contains two zinc fingers and corresponds to the core of the DNA-binding 
domain (DBD), which is responsible for specific recognition of the cognate 
response elements. Region E is functionally complex, since in addition to the 
ligand-binding domain (LBD), it contains a ligand-dependent activation function 
(AF-2) and a dimerization interface. An autonomous transcriptional activation 
function (AF-1 ) is present in the non-conserved N-terminal A/B regions of the 
steroid receptors. Interestingly, both AF-1 and AF-2 of steroid receptors exhibit 
differential transcriptional activation properties which appear to be both cell type 
and promoter context specific (Gronemeyer, H. Ann. Rev. Genet. 25/89-123 

(1991) ). 

[0011] As described above, the all-/ra/2.v (/-RA) and 9-cis (9C-RA) retinoic acid 

signals are transduced by two families of nuclear receptors, RAR a, P and y (and 
their isoforms) are activated by both t-RA and 9C-RA, whereas RXR a, p and y 
are exclusively activated by 9C-RA (Allenby, G. et al., Proc. Natl. Acad. Sci. 
USA 90:30-34 (1993)). The three RAR types differ in their B regions, and their 
main isoforms (al and oc2, pi-4, and y\ and y2) have different N-terminal A 
regions (Leid, M. Trends Biochem. Sci. 77:427-433 (1992)). Similarly, the 

RXR types differ in their A/B regions (Mangelsdori, DJ. et al. Genes Dev. 
6:329-344 (1992)). 

[0012] The R-region of RARs and RXRs has also been shown to contain a 

d i meri / a t i on i n te rf ac e (Yu. V . C . et al. . Ct in . 0\ ' in. B i< Utclmo i . v 5 -60 2 

(1992) ). Most interestingly, it was demonstrated that R AR/RXR hetcr^dimers 
bind much more efficiently in vitro than homodimers of cither receptor to a 
number of RA response elements (RAREs) (Yu. V.C. et al. Cell 67: 1 251-1 266 
( 1991 ); BciTodin. T. J. etal, Mol. Endocrinol 6: 1468-1478 (1992); Bugge, T. H. 
et al., EM BO J. 77:1409-1418 (1992); Hall, R. K. et al., Mol Cell. Biol. 12: 
5527-5535 (1992); Hallenbeck, P. L. et al.. Proc. Natl. Acad. Sci. CSA W5572- 
5576 (1992); Husmann, M. et al, Biochem. Biophys. Res. Convnun. / ( SV: 1 558- 
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1564 ( 1992); Klicvver, S.A. et ai, Nature 555:446-449 (1992); Leid, M. et al, 
Cell 68:377-395 (1992); Marks, M. S. et ai, EMBO J. 77:1419-1435 (1992); 
Zhang, X. K. et al., Nature 555:441-446 ( 1992)). RAR and RXR heterodimers 
are also preferentially formed in solution in vitro ( Yu, V.C et ai, Celt 67:1251- 
1266 (1991 );Leid,M. et al, Cell 68:377-395 (1992 ); Marks, M. S.etaL, EMBO 
J. 77:1419-1435 (1992)), although the addition of 9C-RA appears to enhance the 
formation of RXR homodimers in vitro (Lehman, J. M. et al y Science 255:1944- 
1946 ( 1992); Zhang, X. K. et ai, Nature 555:587-591 (1992b)). 
[0013] It has been shown that activation of RA-responsive promoters likely 

occurs through RAR:RXR heterodimers rather than through homodimers (Yu, 
V.C et al., Cell 67:1251-1266 (1991); Leid et al, Cell 65:377-395 (1992b); 
Durand et ai. Cell 77:73-85 (1992); Nagpal et ai. Cell 70:1007-1019 (1992); 
Zhang, X.K., et ai. Nature 355, 441-446 (1992); Klicvver et ai, Nature 555:446- 
449 (1992): Bugge et ai , EMBO J, 77:1409-1418 (1992); Marks et ai, EMBO 
J. 77:1419-1435 (1992); Yu, V.C. et ai, Cur. Op. Biotech, 5:597-602 (1992); 
Leid et ai, TIBS 77:427-433 (1992); Laudet and Stehelin, Curr. Biol. 2:293-295 
(1992); Green, S., Nature 567:590-591 (1993)). The RXR portion of these 
heterodimers has been proposed to be silent in retinoid-induced signaling 
(Kurokawa, R., et al. Nature 577:528-531 (1994); Forman, B.M., et ai, Cell 
57:541-550 (1995); Mangclsdorf, DJ., and Evans, R.M., Cell 55:835-850 
(1995)), although conflicting results have been reported on this issue ( Apfei, 
CM., et al., J. Biol. Chem. 270(51 ):30765-30772 (1995); see Chambon, P., 
EASEB J. 70:940-954 i 1 996* for review) Although the re-ult- of these ladies 
strongly suggest that RAR/RXR heterodimers are indeed functional units that 
transduce the RA signal in vivo, it is unclear whether all of the suggested 
heterodimenc combinations occur in vivo (Chambon, P.^Semin. Cell Biol. 5: 1 1 5- 
125 (1994)). Thus, the basis for the highly plciotropic effect of retinoids may 
reside, at least in part, in the control of different subsets of retinoid-responsive 
promoters by cell -specifically expressed heterodimenc combinations of 
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RAR:RXR types (and isoforms), whose activity may be in turn regulated by cell- 
specific levels of M-trans- and 9-c/\s-RA (Leid et aL, TIBS 7 7:427-433 (1992)). 
[0014] The RXR receptors may also be involved in RA-independent signaling. 

For example, the observation of aberrant lipid metabolism in the Sertoli cells of 
RXRp 7 mutant animals suggests that functional interactions may also occur 
between RXRP and the peroxisomal proliferator-activated receptor signaling 
pathway (WO 94/26100; Kastner, P., et aL, Genes & Devel 70:80-92 (1996)). 

Antigen-presenting Cells. 

[0015] The introduction of non-self proteins into a eukaryotic cell or organism 

typically results in the appearance of peptide components of these non-self 
proteins in association with cell surface major histocompatability complex 
(MHC) molecules. These peptide/MHC composites arc recognized by the 
immune system as "non-self," resulting in the production of an immune response 
to the non-self protein. Certain cells involved in this immune response are 
capable of phagocytizing non-self proteins or organisms; these immune cells 
degrade or process the protein products, and the derived peptides are expressed 
at the surface of the cell in association with MHC molecules. Thereafter, a 
specific adaptive immune response is generated against the novel non-self 
components of the complexes. This activity of the immune cells is known as 
antigen processing and presentation, and cells that mediate this activity are 
typically referred to as antigen-presenting cells {sec* e.g.* WO 97/14426, WO 
97/74447 WO Q7/2Q182. and WO <)T'2 C >!S?. all which arc incorporated h\ 
reference herein in their entireties ). A number of different immune cell types 
perforin this function, including macrophages, dendritic cells, certain B cells, 
certain epithelial cells, and other associated cell types. 

[0016] Dendritic cells (DC) arc the major antigen-presenting eel Is in humans, and 

are critical lor eliciting T cell-mediated immune responses {see Banchereau, J. 
and Stemman. R.M.. Nature 392:245-252 (l c >98); WO 97/29182 and the 
references cited therein, all of which are incorporated by reference herein). 



Immature DC of the myeloid lineage, (e.g. Langerhans cells) are f ound in non- 
lymphoid tissues (such as the oral, bronchiolar, vaginal, rectal and skin 
epithelium). These cells have the unique capacity to (I) sample antigen at the 
boundary with the "external milieu", (ii) migrate towards T-cell areas of the 
draining lymph node, (iii) mature to express costimulatory molecules such as 
CD96, and (iv) stimulate immune responses (Banchereau, J. and Steinman, R.M., 
Nature 392:245-252 (1998); Fernandez, N.C., et ai, Nat. Med. 4:405-41 1 (1999); 
Kawano, T., et aL, Science 273:1626-1629 (1997)). Recently, methods for 
generating pure populations of immature DC /// vitro from peripheral blood 
monocytes have been described (Geissmann, F., et aL, J. Exp. Med. 7.57:961-966 
(1998); Geissmann, F., J. Immunol 762:4567-4575 (1999)); these immature DC 
have the phenotype and functional characteristics of the Langerhans cell ( referred 
herein to as LC). Tn addition, DC have been used as components in a variety of 
molecular-based (particularly gene therapy-based) approaches to developing new 
vaccination methods, including for the development of mammalian immune 
responses against tumor cell antigens for use in the treatment and prevention of 
certain cancers {see WO 97/1 4426; WO 97/24447; WO 97/291 82; WO 97/29 1 83; 
Paglia, P., et al., J. Exp. Med. 178: 1893-1901 (1993); Paglia, P., et al., J. Exp. 
Med. 183:317-322 (1996); Steinman, R.M., Exp. HematoL 24:859-862 (1996); 
Nestle, F.O.. eta!., Nature Med. 4:328-332 ( 1998), all of which are incorporated 
herein by reference in their entireties). 

Effects of Retinoids on the Immune Sxstem 

Vitamin A (retinol. Rol) deficiency ( VAD) results in impaired immune 
response to infection arid increased mortality. Field studies have convincingly 
shown that retinol supplementation reduces mortality (by 20 to 30%) from 
infectious diseases among hundreds of million children in areas where VAD is 
endemic (Underwood, B.A. and Arthur, P., EASES J. 70:1040-1048 (1996): 
Semba, R.D.. Clin. Infect. Pis. 79:489-499 (1994); Rahmathullah. L., et al., N. 
En,t>. J. Med. 323:929-935 (1990); Sommer, A.. Lancet 339:^64 (1992); Ross, 
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A.C. and Stephensen, C.B., FASEBJ. 70:979-985 (1996)). However, the cellular 
and molecular mechanisms that underlie the effect of Vitamin A on the immune 
system remains elusive, and high dose vitamin A supplementation in children — 
as currently recommended in developing countries — may have somewhat 
paradoxical effects (Semba, R.D. et aL, Lancet. 345:1330-1332 (1995)). 
[0018] Retinol is metabolized intracellularly along two distinct pathways forming 

(I) retmoic acids (RAs) — all-trans (tRA) and 9-cis (9cRA) — whose effects are 
transduced by nuclear retinoid receptors (RAR and RXR) (Chambon, P., 
FASEB. J. 70:940-954 (1996)); and (li) retro-retinoids, which do not bind to 
known receptors ( Buck, J.,etaL, Science 254: 1654-1656 (1991)). Vitamin A has 
been shown to enhance B- and T-cell survival and proliferation in vitro (Buck, 
J., et aL, Science 254: 1654-1656 (1991); Garbe, A., et aL, J. Exp. Med. 176: 109- 
1 17 (1992); Buck, J. et aL, J. Cell. Biol. 7/5:851-859 (1991)). These effects are 
triggered by retro-retinoids, and B- and i -cells neither respond to externally 
provided retinoic acid, nor synthesize it in appreciable amounts (Buck, J., et aL, 
Science 254:1654-1656 (1991); Garbe, A., et aL, J. Exp. Med. 776:109-117 
( 1992 )). It seems reasonable to suggest that vitamin A may regulate other subsets 
of immune cells via a different pathway, as retinoic acid has been shown to either 
enhance or decrease immune responses (Dresser, D.W., Nature 277:527-529 
(1968); Malkovsky. M.^et aL, Nature .W2:338-340 (1983), Bedford, P. A. and 
Knight. SC., Clin. Exp. Immunol. 75:481-486 (1989); Katz, D.R., et aL, Br. J. 
Exp. rath. 65:343-350 (1987)), possibly through DC and LC which may be 
sensitive to its action in vivo (Bedford. P A and Knight. S C . Clin. I:xp. 
Immunol. 75:481-486 (1989); Katz, D.R.. et aL, Br. J. Exp. Path, 6^:343-350 
Walsh, L J., et aL, J. invest DennatoL 55:501-506 (1985): Meunier. I>.. 
ctai., J. Invest. Dermatol. J 03:115-179 ( 1 994); Hachisuka, H. and Uno, H., Am. 
J. DermatopathoL 9:316-323 (1987); Williams, N.A. and Hill, T.J., 7. Invest. 
Dermatol. 97:933-937 (1991)). However, the question of whether or not 
retinoids may play a role in DC biology has not yet been definitively answered. 
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Therapeutic Uses of Retinoids. 

[0019] As retinoic acid is known to regulate the capacities of several mammalian 

cell types to proliferate and/or differentiate (Gudas, L.J., et al.,In The Retinoids, 
2nd ed., Sporn, M.B., et al, eds., New York: Raven Press, pp. 443-520 (1994)), 
retinoids are used in a variety of chemopreventative and chemotherapeutic 
settings. The prevention of oral, skin and head and neck cancers in patients at 
risk for these tumors has been reported (Hong , W. K. et al, N. Engl. J. Med. 
^75:1501-1505 (1986); Hong, W. K. etal, N. Engl. J. Med. 323:195-801 (1990); 
Kraemer, K. H. et al, N. Engl. J. Med. 318: 1633-1637 (1988 ); Bollag, W. etal, 
Ann. Oncol. 5:513-526 (1992); Chiesa, F. et al., Eur. J. Cancer B. Oral Oncol 
25:97-102 (1992); Costa, A. etai, Cancer Res. 54:Suppl. 7, 2032-2037 (1994)). 
Retinoids have also been used to treat squamous cell carcinoma of the cervix and 
the skin (Verma, A. K., Cancer Res. 47:5097-5101 (1987); Lippman S. M. et al, 
J. Natl Cancer Inst. 84:235-241 (1992); Lippman S. M. et al, J. Natl Cancer 
Inst. 84:241-245 (1992)) and Kaposi's sarcoma (Bonhomme, L. et al, Ann. 
Oncol 2:234-235 (1991)), and have found significant use in the therapy of acute 
promyelocyte leukemia (Huang, M.E. et al, Blood 72:567-572 (1988); 
Castaigne, S. et al, Blood 76:1704-1709 (1990); Chomienne, C. et al, 
£/^J76:1710-1717(1990); Chomienne, C. et al, J- Clin. Invest. 88:2150-2154 
(1991); Chen Z. et al, Leukemia 5:288-292 (1991), Lo Coco, V. et al. 
Blood 77:1657-1659 (1991); Warrell, R. P., et al, N. Engl J. Med. 324:1385- 
1393 (1901); Chomienne, C, et al, EASEB J. 10: 1025-1030 ( 1996)). 

[0020] Despite extensive knowledge of RA action at the molecular \c\ c ; and the 

use of retinoids in treating a variety of physical disorders, however the reHiilar 
mcchanisms that underlie the effects of v itamin A on the immune system remain 
elusive. The present invention identifies mechanisms by which retinoids 
modulate the activity ot the immune system, and provides therapeutic and 
preventative methods and compositions acting through these mechanisms to 
regulate immune system function and to treat and/or prevent certain mammalian 
physical disorders. 
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BRIEF SUMMARY OF THE INVENTION 

[0021] By the invention, methods and compositions are provided for modulating 

the activity of the immune system in an animal, preferably to prevent or treat a 
physical disorder in the animal via such modulation. In particular, the methods 
and compositions of the invention may be used to differentially modulate the 
response to one or more antigens by certain components of the immune system, 
particularly antigen-presenting cells such as dendritic cells, Langerhans cells, 
macrophages, and the like. In certain such embodiments, the invention provides 
methods of modulating the immune system of an animal by affecting the 
physiology of an antigen-presenting cell in the animal, for example by a method 
comprising contacting the antigen-presenting cell with an effective amount of at 
least one retinoid and an effective amount of at least one cytokine, under 
conditions whereby the physiology of the antigen-presenting cell is affected. 

[0022] The methods and compositions of the invention are based in part upon the 

present an unexpected discovery that retinoids and cytokines may act 
cooperatively and, in some cases, synergistically, to positively modulate the 
immune system in animals, particularly by affecting the phyisology of antigen- 
presenting cells in ways such as activating the cells or inhibiting or delaying 
apoptosis of the cells. In addition, the methods and compositions of the invention 
arc based in part upon the discovery that specific and selective retinoids, 
nurticularlv selective svnthetic retinoids, roav negative !v modulate the immune 
system in animals, particular! v bv affect ine the phvsiology of antigen-presenting 
ceils such as by inducing apoptosis of such cells. According to the invention, 
preferred retinoids for use in the present methods and compositions include one 
or more RAR agonists (particularly one or more RARa agonists such as 4-[ [( 2,3- 
Dihydro- 1,1, 3, 3-tctramethyl-2-oxo- 1 H-indcn-5-yl)carbonyl]amino]ben/oic acid 
(referred to herein as "Compound I" and the structure and synthesis of which is 
shown below and in WO 98/47861, which is incorporated herein by reference). 
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one or more RXR agonists (particularly one or more pan-RXR agonists such as 
SRI 1237 (4[2-(5,6J,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthalenyl)-l,3- 
dioxolan-2-yl] benzoic acid, the structure and synthesis of which are disclosed in 
U.S. Patent No. 5,552,27 1 which is incorporated herein by reference) and/or 4-[ 1 - 
[5,6-Dihydro-3,5,5-trimethyl-8-(l-methylethyl)-2-naphthalenyl]-ethenyl]benzoic 
acid (referred to herein as "Compound V" and the structure and synthesis of 
which are provided in commonly owned, co-pending U.S. Appl. Nos. 60/127,976, 
filed April 6, 1999, and 60/1 30,649, filed April 23, 1999, which are incorporated 
herein by reference), one or more RAR antagonists (particularly one or more pan- 
RAR antagonists such as 4-[(lE)-2-[5,6-dihydro-5,5-dimethyl-8-phenylethynyl)- 
2-naphthalenyl]-ethenyl] benzoic acid (referred to herein as "Compound VIII" 
and the structure and synthesis of which are provided in WO 98/46228, w hich is 
incorporated herein by reference)) or one or more RARa antagonists such as 4- 
[ [[5,6- Dihydro-5, 5 -dimethyl -8-(3 -qui noli nyl)-2-naph thalenyl]carbonyl ]- 
amino]benzoic acid (referred to herein as "Compound II" and the structure and 
synthesis of which is disclosed in U.S. Patent Nos. 5,559,248 and 5,849,923, 
which are incorporated herein by reference)), one or more RXR antagonists. As 
will be recognized by those of ordinary skill in the pharmaceutical arts, of course, 
the methods and compositions of the invention also encompass other forms of the 
compounds described herein, such as (where available) pharmaceutical!) 
acceptable salts, esters, prodrugs, variants, and derivatives of the retinoids 
specifically described herein. In certain embodiments, the methods and 
c orrs po c > 1 1 1 on c ^ of the invention inav ad 1 * anta^cou s!\ r or comprise one o**morc 
cvtokines. Preferred evtokincs for use in the methods and compositions of the 
invention include any compound that induces a physiological response in a cell, 
such as growth, differentiation, senescence, apoptosis, cytotoxicity or antibody 
secretion, including but not limited to growth factors, inteiieukins, colony- 
stimulating factors, interferons, and the like. Particularly preferred cytokines for 
use in accordance with the present invention are IL-ip, TNFa, and active 
fragments, variants and derivatives thereof. The nucleotide sequences for the 
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TNFcc and ILl-p genes are available under GenBank Accession Nos. E02870 and 
X04500, respectively, which are incorporated herein by reference in their 
entireties. 

[0023] Thus, in one aspect the invention provides methods of modulating the 

immune system of an animal, preferably a mammal including but not limited to 
a human, comprising affecting the physiology of an antigen-presenting cell in the 
animal. In certain preferred such embodiments, the methods of the invention 
comprise activating an antigen-presenting cell preferably by contacting the 
antigen-presenting cell with one or more retinoids and one or more cytokines, or 
with one or more of the compositions of the invention described hereinbelow. As 
used herein, a compound or composition is said to "affect the physiology of an 
antigen-presenting cell if it alters or otherwise modulates (positively or 
negatively) one or more physiological processes in the cell relative to the level of 
those particular physiological processes in an antigen-presenting cell that has not 
been contacted by the compound or composition. For example, activation of an 
antigen-presenting cell may be indicated by an increase in antigen presentation 
by the cell (e.g. , an increase in amount, efficiency, or speed of antigen processing 
and cell surface display of the antigen by the antigen-presenting cell; an increase 
in DNA synthesis (measured, e.g., by determining the uptake and incorporation 
into cellular DNA of one or more labeled nucleotides) in an allogenous or 
autologous T cell in response to an antigen presented by an activated antigen- 
presenting cell), and/or an induction of differentiation or maturation of an 

i t ffpt*^ v>t 1 of Arl /~v »- i tv\tv» o + ) i *~r* atiti nnri n»"ACAi*inr» ^ ,-i 1 1 / r>-\ f\ t~\ c ' l *- n r\ ,i s* \~\ ~\ ■ o y-\ 

u: lui i i L i L i i liulL u i i i n i i a i u i l Lii]iii_i^[r - j , i\^>v 1 .iiij][^_ i^wj! ■ f i f L d Li : v o - t i, . '•. ' * i 

increase in the expression of one or more cellular markers of differentiation or 
maturation, tor example one or more cell surface CD antigens). Retinoids useful 
according to this aspect of the invention include any retinoid that activates an 
antigen-presenting cell, particularly pan-RXR agonists (such as SRI 1237 or 
Compound V) and pan-RAR antagonists (such as Compound V). In certain such 
methods of the invention, the antigen-presenting cells may optionally also be 
contacted with an effective amount of Compound II. Preferred cytokines for use 
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in accordance with this aspect of the invention include any cytokines that act 
cooperatively or synergistically with one or more retinoids to activate antigen- 
presenting cells, particularly TNFa and IL-ip, and most particularly TNFa. 
Particularly preferred compositions for use in accordance with this aspect of the 
invention include, for example, compositions comprising: (a) an effective amount 
of each of Compound V and TNFa; (b) an effective amount of each of SRI 1237 
and TNFa; or (c) an effective amount of each of SRI 1237, Compound II and 
TNFa; or pharmaceutical^ acceptable salts thereof. According to the invention, 
the antigen-presenting cell may be contacted with the one or more retinoids and 
one or more cytokines simultaneously or sequentially, in any order, in amounts 
effective to activate the antigen-presenting cell. Related methods for activating 
an antigen-presenting cell may comprise contacting the cell with one or more of 
the pharmaceutical compositions of the invention described hereinbelow. The 
antigen-presenting cell may be contacted with the one or more retinoids and one 
or more cytokines, or with the pharmaceutical compositions, in vivo, in vitro, or 
ex vivo. 

[0024] In a related aspect, the invention provides methods of screening candidate 

compounds or compositions to select a compound or composition capable of 
activating an antigen-presenting cell. Preferred such methods may comprise, for 
example: 

[0025] (a) obtaining a first and a second mammalian antigen-presenting 



cells; 



[0026] 




lh Hut not the -ccond eel!. \\ 



.vith one oi mme 



compositions to be assaved tor the ability to activate an antigen 



presenting cell; 



[0027] 



(c) 



determining the level of expression of a cellular phenotype 



associated with activation in the first and second cells; 



[0028] 



(d) 



comparing the level of the cellular phenotype in the first and 



second cells; and 
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[0029] (e) selecting a composition wherein the level of the cellular 

phenotype in said first antigen-presenting cell is different from the 
level of the cellular phenotype in the second antigen-presenting 
cell, wherein a difference in the phenotype between the first and 
second cells is indicative of induction of activation in the first 
cell. 

[0030] In another aspect, the invention provides methods of modulating the 

immune system of an animal, preferably a mammal including but not limited to 
a human, by affecting the physiology of an antigen-presenting cell in the animal, 
for example by methods comprising inhibiting, delaying or preventing apoptosis 
in an antigen-presenting cell, particularly retinoid-induced apoptosis of an 
antigen-presenting cell. Preferred such methods of the invention may comprise, 
for example, contacting the antigen-presenting cell with one or more retinoids 
and one or more cytokines, or with one or more of the compositions of the 
invention described hereinbelow, in amounts effective to inhibit, delay or prevent 
the apoptosis (particularly retinoid-induced apoptosis) of an antigen-presenting 
cell. As used herein, a compound or composition is said to "inhibit, delay or 
prevent" apoptosis in an antigen-presenting cell if it causes a decrease in, or 
delays the onset of, or prevents, one or more physiological processes or 
characteristics in the cell that are associated with apoptosis, relative to the level 
of those particular physiological processes or characteristics in an antigen- 
presenting cell that has not been contacted by the compound or composition. For 
example apoptosis of an antigen-presenting ceil ma}" be indicated by any 
phenol vpe market or activity that mav be observed to change (i e . increase or 
decrease) in expression. level or amount in an antigen-presenting cell that is 
undergoing apoptosis compared to an antigen-presenting cell that is not 
undergoing apoptosis. Such phenotypes, markers or activities may include, but 
are not limited to, DNA fragmentation (determination of which may be 
accomplished by methods such as gel electrophoresis (appearance of smaller 
molecular weight bands)), changes in microscopic phenotype (e.g., changes in 
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plasma membrane morphology such as formation of surface protuberances 
("blebbing") or in nuclear morphology such as pycnosis or fragmentation), a 
decrease in the expression of the putative apoptosis suppressive protein BCL-2 
(decreased in apoptotic cells), an increase in cell surface expression of annexin V 
(increased in apoptotic cells; see Example 1 herein), the appearance in a cell 
population of smaller cells with different light scatter and/or DNA content 
profiles as assessed, for example, by flow cytometry or particle analysis, and 
other methods that are well-known in the art. Retinoids useful according to this 
aspect of the invention include any retinoid that inhibits, delays or prevents 
apoptosis in an antigen-presenting cell, particularly RAR agonists (more 
particularly RARa agonists such as Compound I), RAR antagonists (more 
particularly RARa antagonists such as Compound IT, or pan-RAR antagonists 
such as Compound V or Compound VIII). and RXR agonists (particularly pan- 
RXR agonists such as SR 1 1 237 or Compound V). Preferred cytokines for use in 
accordance with this aspect of the invention include any cytokines that act 
cooperatively or synergistically with one or more retinoids to inhibit, delay or 
prevent apoptosis in antigen-presenting cells, particularly TNFa and IL-ip, and 
most particularly TNFoc. Particularly preferred compositions for use in 
accordance with this aspect of the invention include, for example, compositions 
comprising: (a) an effective amount of Compound 11; (b) an effective amount of 
each of Compound II and SR 1 1237; (c) an effective amount of Compound V; (d) 
an effective amount of each of Compound V and SRI 1237; (c) an effective 
amount of Compound VII I; (fj an effective amount of each of Compound VIII 
and SR! !23 7 : or an effective amount of eaeh of TNFr/ ;md SRI 12^7; or 
pharmaceutical! v acceptable ^alts thereof According to the invention, the 
antigen-presenting cell mav be contacted with the one or more retinoids and one 
or more cytokines simultaneously or sequentially, in any order, in vivo, in vitro, 
or ex vivo, in amounts effective to inhibit, delay or prevent apoptosis in the 
antigen-presenting cell. Related methods for inhibiting, delaying or preventing 
apoptosis in an antigen-presenting cell may comprise contacting the cell with one 
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or more of the pharmaceutical compositions of the invention described 
hereinbelow. 

[0031] In related aspects, the invention provides methods for screening candidate 

compounds in order to identify compounds capable of inhibiting, delaying or 
preventing apoptosis in an antigen-presenting cell. One such method may, for 
example, comprise: 

[0032] (a) contacting a first and a second antigen-presenting cell with one or 

more compounds that induce apoptosis in the antigen-presenting 
cell (preferably one or more apoptosis-inducing retinoids such as 
one or more RARa agonists (e.g., tRA, 9cRA, or Compound I 
(see below), optionally in conjunction with one or more RXR 
agonists (e.g., SRI 1237, a pan-RXR agonist)), under conditions 
favoring the development of one or more cellular characteristics 
of apoptosis in the cell; 
[0033] (b) contacting the first, but not the second, cell with one or more test 

compounds to be screened for the ability to inhibit, delay or 
prevent apoptosis in the first cell; and 
[0034] (c) measuring the levels of one or more cellular characteristics of the 

apoptotic phenotype in the first and second cells, wherein a 
reduction in the level of such characteristics in the first cell 
relative to those in the second cell indicates that the test 
compound is able to inhibit, delay or prevent apoptosis in an 
an t i ge n - p re so n 1 1 n g cell 
[0035] In another aspect, the invention pr^vidc^ additional methods, <>f 

modulating the immune system of an animal, preferably a mammal including but 
not limited to a human, by affecting the physiology of an antigen -presenting cell. 
Methods according to this aspect of the invention may comprise, for example, 
inducing apoptosis of an antigen-presenting cell. Preferred such methods of the 
invention may comprise, for example, contacting the antigen -presenting cell with 
one or more apoptosis-inducing retinoids, or with one or more of the 



compositions of the invention described hereinbelow, in amounts effective to 
induce apoptosis in an antigen-presenting cell. As used herein, a compound or 
composition is said to "induce" apoptosis in an antigen-presenting cell if it causes 
an increase in, or accelerates the onset of, one or more physiological processes or 
characteristics in the cell that are associated with apoptosis, relative to the level 
of those particular physiological processes or characteristics in an antigen- 
presenting cell that has not been contacted by the compound or composition. For 
example, apoptosis of an antigen-presenting cell may be indicated by any 
phenotype, marker or activity that may be observed to change (i.e., increase or 
decrease) in expression, level or amount in an antigen-presenting cell that is 
undergoing apoptosis compared to an antigen-presenting cell that is not 
undergoing apoptosis. Such phenotypes, markers or activities may include, but 
are not limited to, those described above and in the Examples below. Retinoids 
useful according to this aspect of the invention include any retinoid that induces 
apoptosis in an antigen-presenting cell, particularly RAR agonists (more 
particularly RARcc agonists such as Compound I, and RARp agonists such as 
Compound III or Compound VII), and RXR agonists (more particularly pan-RXR 
agonists such as SRI 1237 or Compound V). Particularly preferred compositions 
for use in accordance with this aspect of the invention include, for example, 
compositions comprising: (a) an effective amount of Compound I; (b) an 
effective amount of each of Compound I and SRI 1237; (c) an effective amount 
of Compound III; (d) an effective amount of each of Compound III and SRI 1237; 
• e • an effective amount of Compound IV; (f) an effective amount of each of 
Compound IV and SR 1 1237; ( g) an effective amount of Compound VII; or (h ) an 
effective amount of each of Compound VII and SRI 1237; or pharmaceutieally 
acceptable salts thereof. According to the invention, the antigen-presenting cell 
may be contacted with the one or more retinoids (or compositions) in vivo, in 
vitro, or ex vivo, in amounts effective to induce apoptosis in the antigen- 
presenting cell. Related methods for inducing apoptosis in an antigen-presenting 



[0037] 
[0038] 



[0039] 



cell may comprise contacting the cell with one or more of the pharmaceutical 
compositions of the invention described hereinbelow. 
[0036] In a related aspect, the invention provides methods for screening 

candidate compounds in order to identify compounds capable of inducing the 
apoptosis of an antigen-presenting cell. One such method, for example, may 
comprise: 

(a) obtaining a first and a second antigen-presenting cell; 

(b) contacting the first, but not the second, cell with one or more test 
compounds to be screened for the ability to induce apoptosis in 
the first cell; and 

(c) measuring the levels of one or more cellular characteristics of the 
apoptotic phenotype in the first and second cells, wherein an 
increase in the level of such characteristics in the first cell relative 
to those in the second cell indicates that the test compound is able 
to induce apoptosis in an antigen-presenting cell. 

[0040] In related aspects, the invention provides compositions, particularly 

pharmaceutical compositions, that may be used to treat or prevent a physical 
disorder in an animal (particularly in a mammal, including a human) suffering 
from, or predisposed or susceptible to, the physical disorder. While not wishing 
to be bound by any mechanistic explanation for their therapeutic or prophylactic 
effectiveness, it is presumed that these compositions of the invention are effective 
in modulating the immune system of an animal, preferably a mammal such as a 
human, b) affecting the physiology of i < >s \ . by acii\ating. 
inhibitinn/prcvcntmc/dclavinn or inducing apopto^i^ > anfiye n -pre^entimi ceM^ 
in the animal Such compositions according to this aspect of the invention 
preferably comprise one or more retinoids (particularly those described herein as 
having modulating effects upon the immune system via affecting activation 
and/or apoptosis in antigen-presenting cells) and optionally one or more cytokines 
(particularly for those compositions used for activation of. or 
inhibiting/dclaying/preventing apoptosis in, antigen-presenting cells), and may 
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further optionally comprise a pharmaceutical^ acceptable earner, diluent or 
excipient therefor. 

[0041] Certain compositions of the invention may further optionally comprise 

one or more additional components, such as one or more pharmaceutically 
acceptable carriers, diluents or excipients as described herein. Other preferred 
compositions of the invention, particularly those that may be useful as vaccine 
conjugates for use in vaccinating an animal to treat or prevent a particular 
disorder or disease, may optionally comprise one or more antigens. Antigens 
suitable for inclusion in such compositions of the invention may be any antigen 
to which an immune response is to be raised in the animal, including, for 
example, one or more bacterial antigens, one or more fungal antigens, one or 
more viral antigens, one or more animal antigens (including one or more parasite 
antigens), one or more tumor cell antigens (which may or may not be one or more 
tumor cell-specific antigens), one or more plant antigens, or any combination(s) 
thereof. 

[0042] In related aspects, the invention provides methods of treating or 

preventing a physical disorder in an animal (particularly in a mammal, including 
a human) suffering from, or predisposed or susceptible to, the physical disorder. 
Methods according to this aspect of the invention may comprise, for example, 
administering to the animal an effective amount of one or more retinoids and one 
or more cytokines. According to the invention, the one or more retinoids and one 
or more cytokines may be administered to the animal simultaneously or 
sequent: ally, m un \ i »:'der. m di usages designed to p:o\ ide the desired therapeutic 
or preventative benefit while mi tit mi zing unde^nvd nr nntnward side-effect^ 
Related methods may comprise administering to the am ma! one or more of the 
pharmaceutical compositions of the invention. 

[0043] The methods and compositions of the invention are useful in treating or 

preventing a variety of physical disorders in a variety of animals, particularly in 
mammals including humans, that are suffering from, or predisposed or 
susceptible to, the physical disorders. Physical disorders treatable or preventable 
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using the compositions and methods of the invention include any physical 
disorder that is treatable or preventable via modulation of the immune system of 
the animal, particularly via affecting the physiology of antigen-presenting cells 
in the animal, such as by inducing activation, inhibiting, delaying or preventing 
apoptosis, or activating apoptosis, of antigen-presenting cells. Such physical 
disorders may include, but are not limited to, infectious diseases (particularly 
bacterial, viral and/or fungal diseases), parasitic diseases, cancers (such as 
carcinomas, melanomas, sarcomas and the like), immune system disorders (such 
as rheumatoid arthritis, multiple sclerosis, systemic lupus erythematosis, Crohn's 
Disease), and the like. According to a preferred such aspect, the methods and 
compositions of the invention may be used to induce or enhance an immune 
response to one or more antigens associated with a physical disorder in an animal. 
In one such aspect, for example, the compositions of the invention may be 
administered to an animal in need thereof as a vaccine formulation, for example 
in conjunction with (i.e., in admixture with, or as a separate administration, e.g., 
as an adjuvant) one or more antigen-containing formulations or compositions, 
such as compositions comprising one or more bacterial antigens, one or more 
viral antigens, one or more fungal antigens, one or more parasite antigens, and the 
like, whereby the administration of such compositions induces or enhances an 
immune response of the animal to the one or more antigens, thus treating or 
preventing a physical disorder with which the one or more antigens is associated. 

[0044] According to the invention, the antigen-presenting cells used or contacted 

in the present methods may be any antigen presenting cell, including but not 
limited to dendritic cells. Langerhans cells, macrophages, and the like .Antigen- 
presenting cells may be contacted with the compositions or compounds in the 
above-described methods in vitro, ex vivo, or in vivo. 

[0045] Other preferred embodiments of the present invention will be apparent to 

one of ordinary skill in light of the following drawings and description of the 
invention, and of the claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIGURE 1. Retinoids induce death of immature LC, but increase MHC 

class II and costimulatory CD86 molecule expression as well as alloreactive 
proliferative response in the presence ofTNFa. 

[0047] Fig. 1 A: Sunnval of immature LC in presence of retinol. Day 6 immature 

LC were cultured in presence of increasing amounts of retinol (Rol) and viable 
cells were counted each day in malassez with trypan blue exclusion (mean of 
three experiments on different donors ±SD; * p<0.05). 

[0048] Fig. 1 B : Apoptosis of immature LC is increased in presence of retinol and 

inhibited by an BAR antagonist. Immature LC were cultured with retinol and/or 
the pan-RAR(aPy) antagonist Compound VIII or vehicle for 40h. Cells were 
washed and incubated with anti-annexin V antibody and propidium iodide (PI) 
2/xg/ml. 10 4 total events (without gating) were then analyzed, withaFACScalibur 
(Becton Dickinson) using CellQuest software (Becton Dickinson). Data are 
representative of 3 experiments on different donors. 

[0049] Fig. 1C: Retinol- and TNFa-treated LC increase alloreactive 

proliferative response. Immature LC were cultured with TNFa, and/or retinol or 
vehicle for 40h. Cells were washed 4 times in RPMI with 10% human AB serum 
and added in triplicate at stimulator/effector ratio of \% and 4% to 10" purified 
T-cells/well from the same donor or from a second donor, in 96-well tissue 
culture plates. SD are indicated; *:p<0.05. 

[0050] Fig. ID: Re; in* >! <//;<./ T\Fa\ ^vncr^izt' r< ■ i?u 77 L / w MHC class II and 

' Vf vtjivijlfffnr^ - CI^ rvprfwi/iii Tm TTKU I i?*C 1 .C WCTO C ! j!*U r cd 'V^th t\M mo! nr 

vehicle and/or TNFcc tor 40h Cells were washed and incubated with HLA-DR- 
FITC and CD86-PE or isotvpe controls for 1 5 min at 4°C 10 4 events were then 
analyzed with a FACScalibur (Becton Dickinson) using CellQuest software 
(Becton Dickinson). % are given for DRhi CD86hi cells gated as indicated. Data 
are representative of three experiments on different donors. 
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[0051] Fig. IF: Retinal and tRA synergire with TNFa to induce a dose- 

dependent increase in the percentage of DR hl -CD86 hl LC which parallels 
inhibition of apoptosis. Cells were cultured as indicated above. Expression of 
HLA DR and CD86 (see above) and apoptosis (% <2N particle; see Table 3) were 
determined at the same time point on separate aliquots of the same culture. 

[0052] FIGURE 2. Induction of Apoptosis hy Natural and Synthetic Retinoids. 

Fig 2A: Survival of immature LC in presence of tRA and synthetic RARa 
ligands (a), (b): Day 6 immature LC were cultured in the absence (•) or the 
presence of increasing amounts (10 A, 100 1000 nM O) of tRA (panel a) or 
RARa agonist Compound I (panel b) and viable cells were counted each day with 
trypan blue exclusion, (c) In the presence of 1000 nM tRA (O), the addition of 
the RARa antagonist Compound II (1000 nM, ■) inhibited mortality by 50 f (, 
while the addition of the caspase-inhibitor Z-Vad-fmk (50nM, □) inhibited tRA 
mortality by >80%. (•): Survival of untreated cells. Mean±SD of three 
experiments on different donors. * p<0.05. 

Fig. 2B: Dose dependent-tRA induced apoptosis. Cells were processed 
as indicated above (see Fig. 1 B). 

FIGURE 3. 

[0053] Fig. 3A: Day 6 immature LC were cultured for 40h with TNFa and/or 

retinoids or vehicle as indicated. Cells were washed and stained with HLA-DR- 
111 C and CDbO-PL or is>ot>pe ^ontroi.s lur L^ mm at 4"C. 1U J e\enLs were then 
anah/ed with a F ACScahhn: fBecton Dickinson* using CeMQues! soMw-rc 
CBccton Dickinson V Data are given for DRhi/CDS6hi ceils eated as indicated, 
and are representative of 10 experiments on different donors. 

[0054] Fig 3B: Rctinol (•). tRA (■). 9c R A (□). the RARa agonist Compound I 

(O), the RARP agonist Compound III (A), and the RXR agonist SRI 1237 (A), 
upregulate MHC class II and costimulatory CD86 molecules on immature LC in 
the presence of TNFa. The percentages of DRhi/CD86hi cells were plotted 
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against increasing concentrations (nM) of each retinoids. Results correspond to 
a representative experiment. 
[0055] Fig. 3C and 3D: Cells were cultured in the presence of TNFa (10 ng/ml) 

with 100 nM tRA, Compound I or 9cRA, or with 1000 nM SRI 1237, with or 
without the pan-RAR antagonist Compound VIII (1000 nM) or the R ARa ligand 
Compound II (1000 nM). Percentages of DRhi/CD86hi cells are represented and 
results are expressed as the mean ± SD of at last three experiments on different 
donors. 

[0056] Fig. 3E: Cells were cultured in the presence of TNFa (10 ng/ml) with 

SRI 1237 (1000 nM) and increasing doses (nM) of Compound II (•) or 
Compound VIII (O), or, as controls, with Compound I (100 nM) and increasing 
doses (nM) of Compound VIII (□), or with vehicle (ethanol), and increasing 
doses (nM) of Compound II ('■). The percentages of DRhi/CD86hi cells are 
presented. Results are from one representative experiment. 



FIGURE 4. 

[0057] Fig. 4A: Retinoids increase antigen presentation by immature LC. Day 

6 immature LC were pulsed for 8h with tetanus toxoid (TT) or medium alone, 
and then cultured with TNFa, and/or retinoids for 40h. Cells were then washed 
4 times in medium containing 10% human AB serum, and added at 
stimulator/effector ratio of 4% and 16% to 10^ purified T-cells/well from the 
same donor, in triplicate in 96-well tissue culture plates. T-ccll proliferation was 
measured as indicated in materials and methods. Background ih\midine 
■nc'M'poratinn. m ihr abscm c of puKe \\ itli teuiiui> U >\in. i> indicated ( no I I ) and 
was ahv a\ v !cs^ than 10 r ' <>f the antigen specific response^ SO were <\ s > r/ ( 
' :p<D.01. 

[0()58] Fig. 4B: Retinoid treated LC increase all 'o reactive proliferative response. 

Day 6 immature LC (LC like) were cultured with TNFa and/or retinoids or 
vehicle (ethanol) for 40h. Cells were then washed 4 times in medium containing 
10% human AB serum and added in triplicate at stimulator/effector ratio of 1% 
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and 4% to 10 5 purified T-cells/well from the same donor or from a second donor, 
in 96-well tissue culture plates. Background thymidine incorporation was always 
less than \0 c/ c of alloreactive response. SD were <15%. *:p<0.01. 
[0059] Fig. 4C: Production ofIL-12 upon CD40 triggering. Day 6 immature LC 

were incubated as indicated for 40 hours with tRA (100 nM), the RXR agonist 
SRI 1237 (1000 nM) and/or TNFoe (10 ng/ml), and either CD40-L transfected 
fibroblasts or CD32-transfected fibroblasts as control. Supernatants were then 
collected and were analyzed for bioactive p70 IL-12 production using ELISA. 
Results are mean and SD of 5 experiments on different donors. 

[0060] FIGURE 5. tRA, The RARa agonist Compound I the RXR agonist 

SRI 1237, but not vehicle (EtOH) or the RARa antagonist Compound II synergize 
with TNFato induce nuclear translocation ofNF-kB. Day 6 immature LC (LC 
like) were washed and incubated for fth in fresh complete medium alone, or with 
vehicle (ethanol) or retinoids at a 1 //M concentration. Cells were then washed 
and incubated for 30 min with TNFoc (50 ng/ml ) or medium alone as control. 
Then, nuclear extracts were incubated for 30 minutes at 37 °C with the double- 
stranded labeled probes for NF-kB, loaded onto a non denaturing 5% 
polyacrylamide gel and subjected to electrophoresis at 14 V/cm in a low-ionic- 
strength buffer (0.5X TBE). Gels were dried and examined with a 
Phosphonmager (Molecular Dynamics, Sunnyvale, Ca). 

[0061] FIGURE 6. Schematic representation of retinoid receptor pathways that 

transduce apoptoM^ oi "actuation of immature dendritic ceiu vLangerhun^> cci is ). 

DETAILED DESCRIPTION OE THE INVENTION 

Definitions 

[0062J I n die description that follows, a number of terms conventionally used in 

the fields of pharmacology, immunology, retinoid biology and molecular biology 
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are utilized extensively. In order to provide a clear and consistent understanding 
of the specification and claims, and the scope to be given such terms, the 
following definitions are provided. 

[0063] The term "cytokine" refers to a compound that acts as a biological 

response modifier to coordinate antibody and T cell immune system interactions 
and amplify immune reactivity (see, Abbas, A.K., et a/., CELLULAR AND 
Molecular Immunology, 2nd ed., 1994). As such, cytokines induce one or 
more physiological responses in a target cell, such as growth, differentiation, 
senescence, apoptosis, cytotoxicity or antibody secretion. Included in this 
definition of "cytokine" are growth factors, interleukins, colony-stimulating 
factors, interferons and lymphokines, which may be natural, synthetic, or 
recombinant. Also included are analogues or homologues of such molecules, 
which may also be natural, synthetic or recombinant (see, e.g., Novakovic et aL, 
Cytokine 9:5^7-604 (1997), which is incorporated by reference herein, for a 
discussion of preparation and activity of TNFa analogues). 

[0064] As used herein, "antigen-presenting cell" refers to any cell, regardless of 

the tissue derivation or source of the cell, that is involved in certain aspects of the 
immune response of an organism, particularly those cells that are capable of 
phagocytizing non-self proteins or organisms, degrading or processing the protein 
products, and expressing the derived peptides at the surface of the cell in 
association with MHC molecules. Thereafter, a specific adaptive immune 
response is generated against the novel non-self components of the complexes. 
Antigen-presenting cells are any cells capable of carrying out the process of 
antigen preceding and presentation, including but not limited to macrophages 

• i uv. ! iid i Vt tl iNnk'-l i\Cu m uk i "t apl utilC>. >Uc!"i a> KlipuCi la.'iIs. liiMUK\k's. l'U i 

dendritic celk (including immature dendritic ..vlk ^iich a^ 1 angerhan^ reJK^ 
monocytes (and monocyte derived antigen presenting cells such as monocyte- 
derived macrophages), certain B cells, certain antigen -presenting epithelial cells, 
and the like. 
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[0065] The term "retinoid" includes vitamin A derivatives, analogues, 

homologues and the like which are capable of binding to one or more retinoid 
receptors on the surface of a cell. Retinoids include not only naturally derived 
compounds and compositions (e.g. , 9-c/s-retinoic acid and all-/ra/2.v-retinol), but 
also synthetic compounds and compositions that have the retinoid receptor 
binding and activity characteristics described herein. The term "retinoid" thus 
refers not only to those compounds that bind to a retinoid receptor and directly 
or indirectly induce, increase, up-regulate or otherwise positively modulate some 
activity in the cell (referred to as an "agonist" of the receptor), but also to those 
compounds that bind to a retinoid receptor and directly or indirectly inhibit, 
reduce, down-regulate or otherwise negatively modulate some activity in the cell 
(referred to as an "antagonist" of the receptor). Of course, as one of ordinary skill 
in the applicable arts will readily understand, the term "retinoid" as used herein 
refers not only to the specific compounds described herein, but also to 
pharmaceutically acceptable salts, variants, and derivatives thereof. 

[0066] Other terms and phrases used herein will be understood by those of 

ordinary skill as having the meanings conventionally associated with those terms 
and phrases in the relevant arts, unless otherwise indicated herein in ipsis verbis 
or by the context in which those terms and phrases may be used. 

Oven>ie\v 

[0067] The present invention provides methods and compositions for modulating 

the activity of the immune system in an animal, preferably to prevent or treat a 

ph)>u.ti disorder in the animal wa such modulation. In particular, the methods 
and compositions of the invention mav be used to affect the phvsiologv of. or 
differentially' modulate the response to one or more antigens b\\ certain 
components of the immune system, particularly a variety of antigen-presenting 
cells such as dendritic cells. Langerhans cells, macrophages, and the like. 
Preferred such methods of the invention include, for example: (a) activating 



antigen-presenting cells; (b) inhibiting, delaying or preventing apoptosis in 
antigen-presenting cells; or (c) inducing apoptosis in antigen-presenting cells. 

Thus in one aspect, the invention provides methods of modulating the 
immune system of an animal (preferably a mammal such as a human) by affecting 
the physiology of an antigen-presenting cell, preferably by activating an antigen- 
presenting cell, comprising contacting the antigen-presenting cell with one or 
more retinoids and one or more cytokines, or with one or more of the 
compositions of the invention, under conditions whereby the physiology of the 
antigen-presenting cell is affected. Such conditions may comprise, for example, 
contacting the antigen-presenting cell with the one or more retinoids and one or 
more cytokines, or with the one or more compositions of the invention, in 
amounts effective to affect the physiology of the antigen-presenting cell. In one 
such aspect, the methods comprise activating the antigen-presenting cell by 
contacting the cell with one or more retinoids and one or more cytokines, or with 
one or more compositions of the invention, in amounts effective to activate the 
antigen-presenting cell. Preferred methods and compositions for use in 
accordance with this aspect of the invention include contacting the cell with at 
least one pan-RXR agonist (e.g., SRI 1237 or Compound V) or at least one pan- 
RAR antagonist {e.g.. Compound V), or pharmaceutical^ acceptable salts 
thereof. Additional such embodiments may further comprise contacting the 
antigen-presenting cell with an effective amount of Compound II or a 
pharmaceutical^ acceptable salt thereof, and optionally with one or more 
cytokines such as TNFoe or IL-ip. Particularly preferred compositions for use in 
accordance v\ ith ihi> a>pcct of the indention include, tor example, composition^ 
comprising: fa- an effective amount of each of ( 'ompound Y and TNFa; ;h ; an 
effective amount of each of SRI 1237 and TNFa: or (c) an effective amount of 
each of SR 1 1 23T Compound II and TNFcr. or pharmaceutical!}' acceptable salts 
thereof. As used herein, a compound or composition is said to "activate" an 
antigen-presenting cell if it alters or otherwise modulates (positively or 
negatively) one or more cellular phenotypes or physiological processes in the cell 



relative to the level of those particular cellular phenotypes or physiological 
processes in an antigen-presenting cell that has not been contacted by the 
compound or composition. Activation of an antigen-presenting cell may be 
determined according to any of a number of assays for cellular activation, 
including those described in detail herein and others that will be familiar to one 
of ordinary skill in the art in view of the teachings contained herein. According 
to this aspect of the invention, the antigen-presenting cell may be contacted with 
the one or more retinoids and one or more cytokines simultaneously or 
sequentially, in any order, in vivo, in vitro, or ex vivo, in amounts designed to 
activate the antigen-presenting cell. 
[0069] In a related aspect, the invention provides methods of screening candidate 

compounds or compositions to select a compound or composition capable of 
activating an antigen-presenting cell. Preferred such methods may comprise, for 
example: 

[0070] (a) obtaining a first and a second mammalian antigen-presenting 



cells; 



[0071] 



(b) 



contacting the first cell, but not the second cell, with one or more 
compositions to be assayed for the ability to activate an antigen- 
presenting cell; 



[0072] 



(c) 



determining the level of expression of a cellular phenotype 



associated with activation in the first and second cells; 



[0073] 



comparing the level of the cellular phenotype in the first and 



second cells; and 



[0074] 



selecting a composition wherein the level ot the celiuiar 
phenot vpe m said first antigen pre^em i ng eei I \ ^ di Rerent I n m i the 
!e\e! of the cellular phennt\pe in the second antigen pie^enting 
cell, wherein a difference in the phenot\pe between the first and 



second cells is indicative of induction of activation in the first 



In another aspect, the invention provides additional methods of 
modulating the immune system of an animal (preferably a mammal such as a 
human), by affecting the physiology of an antigen-presenting cell. Preferred such 
methods may comprise, for example, inhibiting, delaying or preventing apoptosis 
of an antigen-presenting cell, particularly retinoid-induced apoptosis of an 
antigen-presenting cell. Such methods of the invention may comprise, for 
example, contacting the antigen-presenting cell with one or more retinoids and 
one or more cytokines, or with one or more of the compositions of the invention 
described hereinbelow, in amounts effective to inhibit, delay or prevent the 
apoptosis (particularly retinoid-induced apoptosis) of an antigen-presenting cell. 
Preferred methods and compositions for use in accordance with this aspect of the 
invention include contacting the cell with at least one RAR agonist (particularly 
at least one RARa agonist such as Compound I or a pharmaceutical!}' acceptable 
salt thereof), at least one RAR antagonist (particularly an RARa antagonist such 
as Compound II or a pharmaceutical^ acceptable salt thereof, or a pan-RAR 
antagonist such as Compound V or Compound VIII, or pharmaceutical^ 
acceptable salts thereof), or at least one RXR agonist (particularly SRI 1237 or 
Compound V, or pharmaceutical^ acceptable salts thereof)- Additional such 
embodiments may optionally further comprise contacting the antigen-presenting 
cell with an effective amount of one or more cytokines such as TNFoc or IL-lp. 
Particularly preferred compositions tor use in accordance with this aspect ot the 
invention include, for example, compositions comprising: (a) an effective amount 
of Compound II: (b) an effective amount of each of Compound II and SRI 1237; 

an effective amount ot Compound \ , \dj an c II c ^ 1 1 \ c amount ot each oi 
Compound V and SRI !2^ 7 : fe) an effective amount of Compound VIII: (f) an 
effective amount of each of Compound VIII and SRI 1237; or fc) an effective 
amount of each of TNFa and SRI 1237; or pharmaceutical!}' acceptable salts 
thereof. As used herein, a compound or composition is said to "inhibit, delay or 
prevent" apoptosis in an antigen-presenting cell if it causes a decrease in, or 
delays the onset of, one or more physiological processes or characteristics in the 
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cell that are associated with apoptosis, relative to the level of those particular 
physiological processes or characteristics in an antigen-presenting cell that has 
not been contacted by the compound or composition. For example, apoptosis of 
an antigen-presenting cell may be indicated by any phenotype, marker or activity 
that may be observed to change (i.e. , increase or decrease) in expression, level or 
amount in an antigen-presenting cell that is undergoing apoptosis compared to an 
antigen-presenting cell that is not undergoing apoptosis. Apoptosis of an 
antigen-presenting cell may be determined according to any of a number of assays 
for cellular apoptosis, including those described in detail herein and others that 
will be familiar to one of ordinary skill in the art in view of the teachings 
contained herein. According to this aspect of the invention, the antigen- 
presenting cell may be contacted with the one or more retinoids and one or more 
cytokines simultaneously or sequentially, in any order, in vivo, in vitro, or ex vivo, 
in amounts designed to inhibit, delay or prevent apoptosis in the antigen- 
presenting cell. 

[0076] In related aspects, the invention provides methods for screening candidate 

compounds in order to identify compounds capable of inhibiting, delaying or 
preventing the apoptosis of an antigen-presenting cell. One such method may 
comprise, for example: 

[0077] (a) contacting a first and a second antigen-presenting cell with one or 

more compounds that induce apoptosis in the antigen-presenting 
cell (preferably one or more apoptosis-inducing retinoids such as 
one or more RARa agonists (e.g., tRA, 9cRA, or Compound I 
uce below;, optionall> m conjunction with one or more RXR 
agonists f.-.i;.. SRI 1237. a pan RXR agonist)), under conditions 
favorinr the development of one or more cellular characteristics 
of apoptosis in the cell; 

[0078] (b) contacting the first, but not the second, cell with one or more test 

compounds to be screened for the ability to inhibit, delay or 
prevent apoptosis in the first cell; and 
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[0079] (c) measuring the levels of one or more cellular characteristics of the 

nnontotic nhenotvne in the first and second cells, wherein a 

~T I " I -J 1 

reduction in the level of such characteristics in the first cell 
relative to those in the second cell indicates that the test 
compound is able to inhibit, delay or prevent apoptosis in an 
antigen-presenting cell. 
[0080] In another aspect, the invention provides additional methods of 

modulating the immune system of an animal (preferably a mammal such as a 
human), by affecting the physiology of an antigen-presenting cell. Methods 
according to this aspect of the invention may comprise, for example, inducing 
apoptosis of an antigen-presenting cell. Preferred such methods of the invention 
may comprise, for example, contacting the antigen-presenting cell with one or 
more apoptosis-inducing retinoids (which may preferably be one or more 
synthetic retinoids), or with one or more of the compositions of the invention 
described hereinbelow, in amounts effective to induce apoptosis in an antigen- 
presenting cell. Preferred methods and compositions for use in accordance with 
this aspect of the invention include contacting the cell with at least one RARoc 
agonist (such as Compound I or a pharmaceutically acceptable salt thereof), at 
least one RARP agonist (such as Compound III or Compound VII, or 
pharmaceutically acceptable salts thereof), or at least one pan-RXR agonist (such 
as SRI 1237 or Compound V, or pharmaceutically acceptable salts thereof). 
Particularly preferred compositions for use in accordance with this aspect of the 
invention include, foi example, compositions comprising: (a) an effective amount 
o f C o mp o a n d i , v b ) an c f i e l t i \ c a m o u n t o i c a ^ n o i C o m p o u n d i and SRI 123"; 
ic) an effective amount of Compound III: (d) an effective amount of each of 
Compound 111 and SRI 12/* 7 : (e) an effective amount of Compound IV: (f) an 
effective amount of each of Compound IV and SRI 1 2^7; (g) an effective amount 
of Compound VII: or (h) an effective amount of each of Compound VII and 
SRI 1237; or pharmaceutically acceptable salts thereof. As used herein, a 
compound or composition is said to "induce" apoptosis in an antigen-presenting 
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cell if it causes an increase in, or accelerates the onset of, one or more 
physiological processes or characteristics in the cell that are associated with 
apoptosis, relative to the level of those particular physiological processes or 
characteristics in an antigen-presenting cell that has not been contacted by the 
compound or composition. For example, apoptosis of an antigen-presenting cell 
may be indicated by any phenotype, marker or activity that may be observed to 
change (i.e., increase or decrease) in expression, level or amount in an antigen- 
presenting cell that is undergoing apoptosis compared to an antigen-presenting 
cell that is not undergoing apoptosis. Such phenotypes, markers or activities may 
include, but are not limited to, those described above and in the Examples below. 
[0081] In additional related aspects, the invention provides methods for screening 

candidate compounds in order to identify compounds capable of inducing the 
apoptosis of an antigen-presenting cell. One such method may, for example, 
comprise: 

(a) obtaining a first and a second antigen-presenting cell; 

(b) contacting the first, but not the second, cell with one or more test 
compounds to be screened for the ability to induce apoptosis in 
the first cell; and 

(c ) measuring the levels of one or more cellular characteristics of the 
apoptotic phenotype in the first and second cells, wherein an 
increase in the level of such characteristics in the first cell relative 
to those in the second cell indicates that the test compound is able 
to induce apoptosis in an antigen-presenting cell. 

[0085] The invention ai^o relate^ to methods of treating an animal ^preicrabi\ a 

mamma! and im»>t preferable a human- ,>ufYennc_ from, susceptible to. or 
ptedi^pMscd to a phvsical disorder comprising administering to the mammal an 
effective amount of at least one retinoid and optional Iv at least one cytokine, 
which may be administered to the animal in the form of one or more of the 
compositions of the present invention. These methods of the invention are useful 
in treating or preventing a variety of physical disorders in an animal, including 



[0082] 
[0083] 



[0084] 




-37- 

but not limited to infectious diseases, cancers, immune system disorders and the 
like, as described in detail herein 

Retinoids 

[0086] As noted above, the term "retinoid" as used herein is a compound which 

binds to one or more of the retinoid receptors (RARcx, RAR(3, RARy, RXRa, 
RXRP and RXRy). Compounds are either "RAR retinoids" or "RXR retinoids" 
depending on their binding characteristics (RAR retinoids bind to one or more 
RARs; RXR retinoids bind to one or more RXRs (also referred to as 
"rexinoids")). Retinoids which cause or otherwise positively modulate 
transactivation via their receptors are examples of "agonists," while retinoids 
which do not cause transactivation, but instead block or otherwise negatively 
modulate the transactivation caused by other agonists, are examples of 
"antagonists." RXR and RAR agonists to be used in the methods and 
compositions of the present invention can be, but are not limited to, peptides, 
carbohydrates, steroids and vitamin derivatives, which may each be natural or 
synthetic (prepared, for example, using methods of synthetic organic and 
inorganic chemistry that are well-known in the art). 

[0087] By retinoids that are "specific" for a retinoid receptor are intended 

compounds that only bind to a particular retinoid receptor. By retinoids that are 
"selective" tor a retinoid receptor are intended compounds that preferably bind 
to a particular retinoid receptor over others by a magnitude of approximately five- 
fold or greater than to other retinoid receptors, preferably eight-fold or greater, 
more preferably, ten-fold or greater. 

[0088] Standard retinoids known m the art as RAR agonists include the 

follow me: 
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COOH 



13-cis-retinoic acid 




COOH 



Arotinoid' 



.COOH 



H 3 CO" 



Acetretin 
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[0089] RARa,p-selcctive agonists include, but are not limited to, 

.COOH 




AM-80 

(see, Takeuchi, M., el al., Brit. J. Haematol 97: 137-140 (1997)). 



[0090] RARp,y-selective agonists include, but are not limited to, 

^COOH 




Adapalene 

(see, Shroot, B. and Michel, S., J. Amer. Acad. Dermatol. ^6:S96-S103 (1997)). 
[0091] RARy agonists include, but are not limited to, 

COOH 




HO 



CD-437 

(see. Schadendorf, D., et al, Intl. 7. Oncol. 5:1325-1331 (1994)); and 
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COOH 



General structure 
QH R 




COOH 



Specific example 

particularly wherein in the above-noted general structure R r R 6 are H or alkyl; 
n is 1-4; X is F, CI, OH, or CH,; Y is H or F; and wherein in the above-noted 
specific example, R is the same as X. (see. Swarm. R.T., ct al., FP 0 747 347). 
[0092] RAR agonists include, but arc not limited to, 




COOH 



(see, Benbrook, D.M., et aL, J. Med. Chem. 40:3561-3583 (1997)); 




(see, Beard, R.L., et at., Bioorg. Med. Chew. Lett. 7:2372-2378 (1997)); and 




COOH 



R 3 



(see, Diaz, P.. et a!., Bioorf*. Med. Chem. Lett. 7:2289-2294 (1997)). particularly 
wherein is adamantyl or t-butyl, R : is OH or OCH 3 , is H or t-butyK or R! 
and R. taken together form a 6-membered ring optionally substituted with up to 
four CH 3 groups 

[0093] Further, RARa specific or selective agonists can contain an amide group. 

RARy specific or selective agonists can contain a hydroxyl group or a carbonyl 
group such as a flavone structure. RARp specific or selective agonists can be 
characterized by the absence of a hydroxy and amide groups. Moreover, it has 
been determined that RAR(3 specific agonists can be characterized by a 
dihydronaphthalene nucleus bearing a 2-thienyl group at CS (see, U.S. Patent No. 
ro59,246. Johnson, A. I ., et aL, J. Med. Chem, <9: S029o030 0996.)). 
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[0094] General RXR agonists include, but are not limited to, 




COOH 



^ COOH 

SRI-11237 




COOH 



[0095] Additional RXR agonists include, but are not limited to, 




Specific example 

C«?*?,Vuligonda, V. And R.A. Chandraratna, U.S. Patent No. 5,675,033), 
particularly wherein in the above-noted general structure, R r R 4 are independently 
H, alkyh or fluoroalkyl. Y is cycloalkyl or cycloalkenyl of 3-8 carbon atoms or 
is selected from phenyl, pyridyl, thienyl, furyl, pyrrolyl, pyridazinyl, pyrimidinyl, 
pyrazinyl, thiazolyl, oxazolyl, and imidazolyl, any of which can be substituted 
with 1-2 R 4 groups, the divalent Y radical being substituted by the phenyl ring 
and the alkene on adjacent carbon atoms; and n is 1 or 2; 
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R 




S(0)p — Y(R2) — A — B 




(R2)i 



General structure 




COOH 



Specific example 



(see, Beard, R.L., et al, WO 97/16422), particularly wherein in the above-noted 
general structure, X is S, O or NR\ where R' is H or alkyl of 1-6 carbons, or X is 
[C(R 5 ).] n , where n is an integer between 0 and 2; R, is independently H or alkyl 
of 1-6 carbons; R 2 is independently H or alkyl of 1-6 carbons, halogen, fluoro- 
substituted alkyl of 1-6 carbons, OR" or SR" where R" is H or alkyl of 1-6 
carbons; m is an integer from 0-3; p is an integer from 0-2; Y is a phenyl or 
naphthyl group or heteroaryl selected from the group consisting of pyridyl, 
thienyl, fury], pyridazinyl, pyrimidinyl, pyrazinyl, thiazolyl, oxazolyl, imidazolyl, 
and pyrazolyk said phenyl and heteroaryl groups being optionally substituted with 
one or two R : groups; A is (CII 2 ) q , where q is 0-5, lower branched chain alkyl 
having 3-6 carbons, cycloalkyl having 3-6 carbons, alkenyl having 2-6 carbons 
and 1 or 2 double bonds, alkynyl having 2-6 carbons and 1 or 2 triple bonds; and 
B is hvdropen COOH or a pharmaceutical !v acceptable c >a!t thereof. COOR . 
RONR () R, n , CH : OH, CH OR , , , CHO. C(OR,,),. CHOR.A COR.. CR-(OR. : ) : . 
CRX)R, or m-loweraikyisiiyk where is an alkyl, cvcloalkyl or alkenyl group 
containing 1 to 5 carbons, R K is an alkyl group of 1 to 10 carbons or 
(tnmeth) lsil\i)alkyl, w here the alkyl group has 1 to 10 carbons, or a cycloalkyl 
group of 5 to 10 carbons, or R H is phenyl or lower alkylphcnyk R () and R ]0 
independently arc hydrogen, an alkyl group of 1 to 10 carbons or a cyeloalyl 
group of S- 10 carbons, or phenyl or lower alkylphcnyk R n is lower alkyl, phenyl 
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or lower alkylphenyl R 12 is lower alkyl, and R,, is a divalent alkyl radical of 2-5 

carbons; 




COOH 



General structure 




Specific example 

(see. Klaus, M., et al, EP 0 728 742), particularly wherein in the above-noted 
general structure, R, and R 2 taken together are C 3 . 13 alkylene in which one carbon 
atom may be substituted by a heteroatom selected from the group consisting of 
S, O and N, or R, and R : taken together with the carbon atoms to which they are 
attached are an aromatic ring having from 5-6 carbon atoms or a heteroaromatic 
ring having from 5-6 atoms in which one atom of R, or R 2 is a heteroatom 
selected from the group consisting of N, O and S and the remaining atoms of R, 
and R, are carbon; 
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COOH 

(see. Farmer, L.J., et aL, Bioorg. Med. Chem. Leu. 7:2393-2398 (1997)); and 




COOH 

(see, Farmer, L.J., ei at., Bioorg. Med. Chem. Lett. 7:2747-2752 (1997)). 
[0096] RAR or RXR agonists include, but are not limited to, 




HOOC 



Xi ^ R 2 
General structure 




CH 3 



Specific example 



■vLebiond, B., WO v7/2(>237 pa. ik u \a\ \y vvkicin m the above-noted general 
struct ure, \j is L . which ma\ be substituted with 1 - 2 CH< groups, O, or S; X 2 and 
are independently C(-H), O, N, or S, or taken together may be a single O. N, 
or S atom; Rj may be H, lower alky], OH, CH : OH, CHO, COOH, OOO-alkyl, or 
tetra/ole. the tetra/ole may be further optionally substituted with a CF\ group: R : 
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may be H, lower alkyl, halo-substituted alkyl, halogen, OH orO-alkyl; and R may 
be II, lower alky], or halo-substituted alkyl. 



M.F., etal, J. Med. Chem. 38:3146-3155 (1995 ). Further, a number of retinoids 
of diverse structure types which are triple RAR agonists, selective RARa 
agonists, selective RARP agonists, selective RARy agonists, selective RARP,y 
agonists, selective RXR agonists and RXR/RAR pan-agonists are described in 
Sun, S.Y., et al. f Cancer Res. 57:4931-4939 (1997). The invention can also be 
carried out with the RXR agonist bexarotene, the structure and preparation of 
which are described in Boehm et a/., J.Med. Chem. 37:2930-2941 (1994). Other 
RXR agonists are also described in, for example, Lehmann et al., Science 
258:1944-1946 (1992), and in commonly owned, co-pending U.S. Appl. Nos. 
08/919,318, filed August 28, 1997, 09/065,904, filed April 24, 1998, and 
60/130.649, filed April 23. 1 999. the entire disclosures of which are incorporated 
herein by reference. 

[0098] Other candidate RAR and/or RXR agonists include, but are not limited 



[0097] 



Other RXR agonists, w ith a variety of structures, are disclosed in Boehm, 



to, 




COOH 



9-cis-Retinoic acid 




Specific example 

{see, Bernardon, J.M., HP 0 722 928), particularly wherein in the above-noted 
general structure, X is O. S(t)>, or N-R,, where n is an integer from 0-2 and R s 
is H or lower alkyl; R, is H, alkyl, OH. O-alkyl or 0-C(=0)-alkyl; R : may be H, 
alkyl, OH, O-alkyl, 0-C<=0)-alkyl. Nil,, or NII-C(=0)-alkyi; R 3 may be H or 
alkyl; or R 2 and R 3 taken together may form a bond; R 4 may be H, lower alkyl, 
halogen, N0 2 , OH, O-alkyl. NR 5 R (l , where R 5 has the definition above and R 6 
may be independently H or lower alkyl; 

.A (Ch 2 )- n -B 

X R 



General structure 




Specific example 



(see, Chandraratna, R., WO 96/11686; and Drugs of the Future 22:249-255 
(1997)), particularly wherein in the above-noted general structure, X is S, O, or 
NR\ where R' is H or lower alkyl; R is H or lower alkyl, A is pyridyl, thienyl, 
furyl, pyndazinyl, pynmidinyl or pyrazinyl: n is 0-4, and B is H, COOH or a 
pharmaceutical!)' acceptable salt, ester, or amid thereof, or CH,OH; 
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(w, Vuligonda, S., etal., U.S. Patent No. 5,599.967), particularly wherein in the 
above-noted general structure and specific example, R { is H or lower alky!, R 2 
and are independently H or lower alkyk A is (CH : ) n , where n is an integer 
from 0-5, lower branched chain alkyl having 3-6 carbons, cycloalkyl having 3-6 
car^r*n tr alkenvj havincr oarbo?^. ^jrid 1 double ^c*nds or alkvnvl havm tT 2-6 
carbons and 1 2 triple bonds; B is H. COOH or a pharmaceuticallv acceptable 
salt, ester, or amide thereof, or ( IfOH; and Z is N-O-X, where X is alkyl. 
phenyl, benzyl, substituted phenyl, substituted benzyl, acyk silyl, aryl or 
heteroaryk 



# 
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COOH 



General structure Specific example 

{see, Chandraratna, R. A. and M. Teng, WO 96/06070), particularly wherein in the 
above-noted general structure, the R, groups arc independently II, lower alkyl of 
1 -6 carbons, or two geminal R x groups jointly represent an oxo (— O ) or thio (=S) 
group; R 2 is H, lower alkyl, or halogen; M is -N=CR 4 - or -CR 4 =N-, where R 4 is 
H or lower alkyl; X is C(Rj) 2 , O, S, or NR,; Y is a (substituted) phenyl or 
heteroaryl group selected from pyridyl, thienyl, furyl, pyridazinyl, pyrimidinyl, 
pyrazmyk thiazolyl, imidazolyl, and oxazolyl; A is (CH 2 ) n , where n is an integer 
from 0-5, lower branched chain alky! having 3 6 carbons, cycloalkyi having 3-6 
carbons, alkenyl having 2-6 carbons and 1 -2 double bonds or alkyny! having 2-6 
carbons and 1-2 triple bonds; B is H, COOH or a pharmaceutical^ acceptable 
salt, ester, or amid thereof, or CH : OH; 




Rs 

General structure Specific example 



: w \ . K!au>. M arid V \Vci>. HP 0 2^ ^02?. pai ml uiai 1 v uhervm in ihr a hove 
s-cneral structure X and Y are C] 1 < " C]] \ 7 - C] IR n . r-O. CR /)R ,C!1R, 
CHR,. CHOR CH : . CO CHOR . or CHOR .-CHOR-: R. is a 5 or 6-membered 
heterocyclic ring which can be further substituted with halogen, alkyl. alkoxy. 
acyloxy, nitro, hydroxy, amino, lower-alkylamtno or di-lower-alkylamino groups; 
R ; and R ; may be H, lower alkyl. trifluoromethyl or halogen; R 4 and R. may be 



H, lower allyl or halogen, R 6 may be H, lower alky], or alkoxy, R 7 may be H, 
lower aikyl, or acyl, and R 8 may be H or lower alky!; 




Specific example 

(scc\ Shroot, B. V., et ai , EP 0 210 929), particularly wherein in the above general 
structure, X represents -CHCH-. O, or S; R } and R, may independently represent 
H, lower alkyl, alkoxy, or R ( and R 2 taken together may be a 5- or 6-membered 
carbocyclic ring optionally saturated and optionally substituted by up to 5 lower 
alkyl groups; R 4 is CH 2 OH, COOH, or pharmaceutical!)' acceptable salts, amides, 
or esters thereof; and 

Ri 

<^ ^ (Rz)m 

o(R 3 ) f || \ = Y(Ra)-a-b 

f 

R 22 

General structure 




Specific example 

(see, Johnson, A.T.,et al., U.S. Patent No. 5,648,5 14), particularly wherein in the 
above general structure, is H or lower alkyl, R 2 and R 3 are H or lower alkyl, 
and the ethynyl group occupies either the 2- or 3- position of the 
dihydronaphthalenc nucleus, m and o arc integers from 0-3, Y is a phenyl group 
or heterocycle selected from the group consisting of pyridyl, thicnyl, furyl, 
pyridazinyl, pyrimidinyl, pyrazinyl, thiazolyl, oxazolyl and imidazolyl, said 
groups being optionally substituted with 1-2 R. groups; a is (CH 2 ) n , where n is an 
integer from 0-5, lower branched chain alkyl having 3-6 carbons, cycloalkyl 
having 3-6 carbons, alkenyl having 2-6 carbons and 1-2 double bonds or alkynyl 
having 2-6 carbons and 1-2 triple bonds; b is H, COOH or a pharmaceutical^ 
acceptable salt, ester, or amide thereof, or CHLOH; R 22 is H, lower alkyl. fluoro- 
substituted alkyl of 1 - 10 carbons, alkenyl of 2-10 carbons containing 1 -3 double 
bonds, alkynyl having 2- 1 0 carbons and 1 -3 triple bonds, carbocyelie arvl selected 
from the group consisting of phenyl, C,-C i() alkylphenyl, naphthyl, C,-C, n 
<iiky Jnaphthy !, phcnyi-Ci-C',,, alkenyl having i-3 double bonus, phenyl aikynyi 
ha\mg 1-3 triple bonds, h>drox> alkyl, acyloxyalkyl, aminoalkyl, thioalkyl, or a 
5-6 membered hctcroaryl group optionally substituted with a Cj-C^, alkyl group, 
said heteroaryi group having i-3 heteroatoms selected from (J. N and S. 
[0099] Thus, preferred retinoids that can be used in accordance with the present 

uncn lion include, but arc not limited to, one or more RARa auonists such as 
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4 3-Dihydro-l. 1. 3, 3-tetra m ethyl-2-oxo-lH-inden-5-yl)carbonyl]am.no]- 
benzoic acid (refened to herein as •'Compound I" and the structure and synthesis 
of which is shown in WO 98/47861, which is inco,porated herein by reference), 
one or more RXR agonists (particularly one or more P an-RXR agonists such as 
SRI 1237 (also known as SRM 1237, and the structure and synthesis ot which are 
disclosed in U.S. Patent Nos. 5,466,861 and 5,552,271 which are incorporated 
hereinbyreference)and/or4-[l-[5,6-Dihydro-3,5,5-tnmethy.-8-(l-methylethyl)- 

,-naphthaieny!lcthenyl]-benzoic acid (referred to heron as "Compound V" and 
the structure and synthesis of wh.ch are provided in commonly owned, co- 
pending U.S. Appl. Nos. 60/127,976, filed April 6, 1999, and 60/130,649, filed 
Apnl 23 1999, which are incorporated herein by reference), one or more RAR 
antagonists (particularly one or more RARa antagonists such as 4-[[[5,6- 
D.hydro-5,5-d,methy!-8-(3- q uin.olinvl)-2-naphthalen y l]carbonyl]-amino]benzo,c 

acld .referred to herein as "Compound II" and the structure and synthesis of 
whl ch are disclosed in U.S. Patent Nos. 5,559,248 and 5,849,923, which are 
incorporated herein by reference), or one or more pan-RAR antagonists such as 
4 t (lE)-2-[56-dihydro-5,5-dimethyl-8-phenylethynyl)-2-naphthalen y l]ethenyl] 

benzoic acd (referred to herein as "Compound VIIT and the structure and 
synthesis of which are disclosed in WO 98/46288. which is incorporated herein 

by reference)). 

[0100] " A" additional preferred retinoid for use in accordance with the invention 
Is( E)-3-chloro-4-f2-(5.6-d,hydro-5,5-dime,hyl-8-phenyl-2-naphthalenyl)-ethenyl] 

benzoic acd (referred to herein as "Compound Iff'). Compound III can be 
synthesized by using the following intermediate ^X=C1;: 



COOCH 3 
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[0101] The above intermediate can be synthesized from the commercially 

available 3-chloro-4-hydroxybenzoic acid as shown below: 




In this synthesis, the acid is first estenfied, followed by activation of the OH 
group with trifluoromethane sulfonic anhydride (Tf 2 Oj, then the trifluoromethane 
sulfonate group is coupled with vinyl tributyl tin to give the desired intermediate, 
which is then used to prepare Compound III as described in U.S. Patent 
No. 5,618,839, which is incorporated by reference herein. 



[0102] For sake of brevity, the following designations for non-limiting examples 

of synthetic retinoids useful in the present invention are used throughout this 
disclosure: 
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Table la. Non-limiting Examples of Synthetic Retinoids. 



Compound 


Structure 


CAS Name 


I 


o 

H 3 C CH 3 


4- [[(2,3-Dihydro-l, 1, 3, 3- 
tetramethyl-2-oxo-lH-inden- 

5- yl)carbonyl]amino] 
benzoic acid 


II 


o j^^^p^ OH 

H 3C CH 3 


4-[ 11 j,6-Dinydio-;0- 
dimethyl-8-(3-quinolinyI)-2- 
naphthalenyl ]carbonyl ] 
amino]benzoic acid 


III 


^^^^ 
H 3C CH 3 


(E)-3-Chioro-4-[2-(5,G- 
dihydro-5,5-dimcthyl-8- 
phenyl-2-naphthalenyl)- 
ethenyl] benzoic acid 


IV 


OH F 

H3C-^^^CH3 1^ 1^ 

H 3 C CH 3 0 


3-Fluoro-4[ 1(5.6.7.8- 

tetrahydro-5,5,8,8- 

tetramethyl-2- 

naphthalenyl )hydroxyacctyl ] 

'inninnlhf'nvnic 'lfiH 


V 


H3C CH3 

/^f^^^^CHg ^^^^^ 

H 3 C CH 3 QH 


2-naphthaleny 1 Jetheny 1 ] 

ben zoic acid 
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Compound 


Structure 


CAS Name 




VI 


( 

\ A 

\\ \ 

r^cH 3 

CH 3 


E)-4-l2-l8-(l,r-Biphenyl]- 
l-yl)-5,6-dihydro-5,5- 
limethyl-2-naphthalenylJ- 
;thenyl] benzoic acid 


VII 


CH 3 ^ CH 3 


4-[(E)-2[5,6-dihydro-5,5- 
dimethyl-8-phenyl)-2- 
naphthalenyl]ethenyl] 
benzoic acid 


VIII 


o 


4-[(E)-2-[5,6-dihydro-5,5- 
dimethyl-8-phenylethynyl)-2- 
naphthalenyl]ethenyl] 
benzoic acid 




SR 11237 


^ - °x/° 


4-L2-(5,6,7,8-tetrahydro- 
5.5,S,8-tetramethy1-2- 
naphthalenyl) 1 ,3-dioxolan- 
2-yl] benzoic acid 





[0103] Structures and/or methods of synthesis ol these compounds, and 

suitable for use in accordance with the present invention, arc known Ir 
following patents, applications and publications, ail of which are incorpor 
reference herein: 
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Table lb. References for Non-limiting Examples of Synthetic Retinoids 



Compound 


Reference(s) 


I 


WO 98/47861 


II 


U.S. Patent No. 5,849,923 


III 


EP 0 661 259; U.S. Patent No. 5,618,839; U.S. Appl. 
No. 60/130,649, filed April 23, 1999 


IV 


EP 0 747 347; U.S. Patent No. 5,624,957 


V 


U.S. Appl. Nos. 60/127,976, filed April 6, 1999, and 
60/130,649, filed April 23, 1999 


VI 


WO 98/46228 


VII 


EPO 661 259; U.S. Patent No. 5,618,839 


VIII 


WO 98/46228 


SRI 1237 


U.S. Patent Nos. 5.466.861 and 5,552.271 



[0104] Other retinoids suitable for use in accordance with the present invention 

may be prepared by the methods described or referenced herein, and by routine 
methods of organic and inorganic synthetic chemistry that will be familiar to 
those of ordinary skill in the art in view of the disclosure herein. For example, 
also intended to be encompassed within the methods and compositions of the 
present invention arc the salt, ester, and prodrug forms of the specific compounds 
disclosed herein and others that will be known to the ordinarily skilled artisan in 
view of the present disclosure and information available in the art. 

Screening of Compositi<ms 
[0105] In another preferred aspect, the invention provides methods of identifying 

or selecting compositions or compounds capable of activating an antigen- 
presenting cell. Preferred methods according to this aspect of the invention may 
comprise one or more steps, which may be, in some assays, performed in any 
particular sequence provided that the protocols used provide appropriate and 
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[0106] 
[0107] 

[0108] 
[0109] 
[0110] 



[0111] 



usable information regarding the activity of the screened compositions. For 
example, one such method according to the invention may comprise: 

(a) obtaining a first and a second mammalian antigen-presenting 
cells; 

(b) contacting said first cell, but not said second cell, with one or 
more compositions to be assayed for the ability to activate an 
antigen-presenting cell; 

(ci determining the level of expression of a cellular phenotype 
associated with activation in said first and second cells; 

(d) comparing the level of said cellular phenotype in said first and 
second cells; and 

(el selecting a composition wherein the level of said cellular 
phenotype in said first antigen-presenting cell is different from the 
level of said cellular phenotype in said second antigen-presenting 
cell, wherein a difference in the phenotype between said first and 
second cells is indicative of induction of activation in said first 
cell. 

In additional related aspects, the invention provides methods for screening 
candidate compounds in order to identify compounds capable of inhibiting, 
delaying or preventing the apoptosis of an antigen-presenting cell. Preferred 
methods according to this aspect of the invention may also comprise one or more 
steps, which in some assays may be performed in any particular sequence 
provided that the protocols used provide appropriate and usable information 
regarding the activity of the screened compositions, bor example, one such 



lOU acCi 



^ \cnt;on ma\ comprise 

^ v i i i Ui^ I i i i g a 1 i i > i a i id a >l ^ ^ > 1 id a 1 1 i i Lie i i - \ > I c > c i i u i i g ^ c i i i i 1 1 i * 1 1 c i > i 

more compounds that induce apoptosis in the antigen-presenting 
cell t preferably one or more apoptosis-inducing retinoids such as 
one or more RARa agonists (c.^.. tRA, 9cRA, or Compound I 
(see below), optionally in conjunction with one or more RXR 
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agonists (e.g., SRI 1237, a pan-RXR agonist)), under conditions 
favoring the development of one or more cellular characteristics 
of apoptosis in the cell; 
[0113] (b) contacting the first, but not the second, cell with one or more test 

compounds to be screened for the ability to inhibit, delay or 
prevent apoptosis in the first cell; and 
[0114] (O measuring the levels of one or more cellular characteristics of the 

apoptotic phenotype in the first and second cells, wherein a 
reduction in the level of such characteristics in the first cell 
relative to those in the second cell indicates that the test 
compound is able to inhibit, delay or prevent apoptosis in an 
antigen-presenting cell. 
[0115] In analogous related aspects, the invention provides methods for screening 

candidate compounds in order to identify compounds capable of inducing 
apoptos is in an antigen-presenting cell. Preferred methods according to this 
aspect of the invention may also comprise one or more steps, which may be, in 
some assays, performed in any particular sequence provided that the protocols 
used provide appropriate and usable information regarding the activity of the 
screened composit.ons. For example, one such method according to the 
invention may comprise: 
[0116] (a) obtaining a first and a second antigen-presenting cell; 

(b) contacting the first, but not the second, cell with one or more test 
compounds to be screened for the ability to induce apoptosis in 
the first cell; and 

. . . i ♦ ; „ m,M^ ; i -'ii!ii:H'rn;i!auc!lMio^i n >^ 

• >,,v u nrinii Itlr i t " \ ( - i -n \ m v n i v. v ' i j ■ t *■ ■ » ^ - - • ■ - wi 

I 1 IV^-U. t i i if— *-* * w - ~ 

.. .,. , .... t , v . .-,■•]}< therein an 
apoptotic phenotvpe m mi n'-> ■ ■ 

increase in the level ot such characteristics in the first cell relative 
lo those in the second cell indicates that the test compound is able 
to induce apoptosis in an antigen-presenting cell. 



[0117] 



[0118] 



# 
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Screening Methods 

[0119] The first and second antigen-presenting cells used in the present selection 

methods may be normal cells, immature cells, mature cells, leased cells, 
transformed cells or established cell lines, and preferably are mammalian 
(particularly human) antigen- P resent,ng cells. According to the invention, the 
first and second antigen-presenting cells are preferably of the same type and 
undergo the same mcubanon conditions, except that the first cell is contacted 
wit h one or more of the compositions or compounds to be assayed for its ability 
to activate an antigen-presenting cell, while the second cell is incubated in 
parallel with the first cell but in the absence of the one or more compositions or 
compounds to be assayed. Thus, the second cel. serves as a "control" cell to 
,ndicate the levels of expression of one or more cellular phenotypes that are 
typically seen in that particular cell type in the absence of the compositions or 
compounds to be assayed (sometimes referred to in the art as the "quiescent," 
•Vest-np"or"non-activated"state.nassaysforcompoundsthatact,vatecells),and 

provides a reference for determining the abilities of the compositions or 
compounds to activate, or induce or inh.bit/delay/prevent apoptosis in, antigen- 

presenting cells. 

[0 120] According to the invention, the cellular phenotype or physiological 

process associated with activation in the antigen-presenting cells may be any 
phenotype, marker or activity that may be observed to change (/.,., increase or 
decrease) in expression, level or amount in an activated antigen-presenting cell 
compared to an ant,gen- P resent,ng cell that has not been activated. Such 
phenotypes. markers or activities may include, hut arc not hm.ted to, antigen 

< ! it i n i- c ^>PU<M<>n iwr \ '.\aniPiC> ^- - ^ ' 

w-...-. ion )T\ii ( t-M Mil I v* i <~ '*~ 1 ■ " ' ■ 

, or :inricvns (particularly TO 

dilterentiai cvpicsMun ut uii ■ — ^. 

antigens,, alteration, in the translocation and binding of KF-kB complexes to 
their particular DNA response elements (sec Example 6 herein), alterations ,n 
DNA replication (measured, e.g., by increases in the amount of labeled 
nucleotides that are incorporated into cellular DNA in the presence of the 
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compositions or compounds being assayed), and the like. Of course, other 
cellular phenotypes that maybe associated with activation of antigen-presenting 
cells and that may therefore be used in accordance with the methods of the 
invention will be apparent to the ordinarily skilled artisan in view of the teachings 
herein, and hence are considered to be encompassed within the methods of the 
invention. 

[0121] Similarly, according to the invention the cellular phenotype or 

physiological process associated with apoptosis in the antigen-presenting cells 
may be any phenotype, marker or activity that may be observed to change (i.e., 
increase or decrease) in expression, level or amount in an antigen-presenting cell 
that is undergoing apoptosis compared to an antigen-presenting cell that is not 
undergoing apoptosis. Such phenotypes, markers or activities may include, but 
are not limited to, DNA fragmentation (determination of which may be 
accomplished by methods such as gel electrophoresis (appearance of smaller 
molecular weight bands)), changes in microscopic phenotype (e.g., changes in 
plasma membrane morphology such as formation of surface protuberances 
("blebbing") or in nuclear morphology such as pyenosis or fragmentation), a 
decrease in the expression of the putative apoptosis suppressive protein BCL-2 
(decreased in apoptotic cells), the appearance in a cell population of smaller cells 
with different light scatter and/or DNA content profiles as assessed, for example, 
by flow cytometry or particle analysis, and other methods that are well-known in 
the art (see. e.%.. Nagy, L., et aL.Mol Cell Biol. 15(7)3540^55 1 ( 1 995): Horn, 
V., et al., FASEB J. 70:1071-1077 (1996); Telford, W.G., et «/., J. Immunol. 
Meth. J 72(1 >A-ib {1994), Campana, D., et at., Cytometry 16(2j:bb-14 (1994); 

S^UHK, R . ami Wkk (t hi! -\rrit -Mirr^v fjiuyiinini i n<t 4 >\ \ 2~ - } M ! I Wi M L 

Fraker PI <-t f/ / Mrfh TV/' Bi^ 1 K> ~ <l ( > { >5h Sherwood, S.W.. and 
Schimke. R.T.. Meth. Cell Biol 46'11-91 (1995), Caibonari. M., et al. Cytometry 
22(3): 161-167 (1995); Masirangclo, A.J.. and Bctenbaugh. M.J.. Curr. Op'm. 
Bioteehnol. 6(2): 198 202 (1995); and EP 0 903 149, the disclosures of all of 
w hich are incorporated herein by reference in their entireties). 
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[0122] As an alternative to using antigen-presenting cells, transfected cell lines 

may be constructed and used to preliminarily identify candidate retinoids that 
might be used in accordance with the compositions and methods of the invention. 
For example, in Chen et aL, EMBO J. 14(6): \ 187-1 197 (1995), three 'reporter' 
cell lines have been used to characterize a number of RARa-, RARp-, or RARy- 
specific dissociating synthetic retinoids that selectively induce the AF-2 
activation function present in the ligand-binding domain (LBD) of RARp 
(pAF-2 '). These cell lines stably express chimeric proteins containing the DNA 
binding domain of the yeast transacti vator GAL4 fused to the EF regions (which 
contain that LBD and the AF-2 activation function) of RARa (GAL-RARa), 
RARp (GAL-RARP) or RARy (GAL-RARy), and a luciferase reporter gene 
driven by a pentamer of the GAL4 recognition sequence ('* 17m") in front of the 
p-globin promoter (17m)5-GAL-Luc). In these cell lines, the retinoids thus 
induce luciferase activity that can be measured in the intact cells using a single- 
photon-counting camera. This reporter system is insensitive to endogenous 
receptors which cannot recognize the GAL4 binding site. Using analogous 
screening assays, synthetic retinoids have been reported to inhibit the anchorage- 
independent growth of oncogene-transformed 3T3 cells, while the promoter of 
the human interleukin-6 (IL-6) gene, whose product is involved in the regulation 
of hematopoiesis, immune responses and inflammation (Kishimoto, T. et aL, 
Science 255:593-597 ( 1 992)), has been shown to be induced by Rol but not by the 
synthetic dissociating retinoids which repressed its activity. In a similar manner, 
activating RXR agonists have been identified using cell lines that express a RXR 
receptor linked to a IRLpat-tk reporter gene which \t> urinated b> both RAR- 
RXR lu-UModunc!^ and RXR homodimers (I.ehnr.ann. iM. et -/.. Science 
2'^- 1 04 4 !°4^ ■' iQtnn ThiN reporter cell lines that are easily constructed, bv 
methods routine to one of ordinary skill, may be used to distinguish not only the 
specific RAR or RXR types to which a candidate ligand will bind, but also 
whether that binding induces an activating or inhibiting (i.e., agonistic or 
antagonistic) effect. Although the above-referenced reporter cell lines comprised 
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the luciferase or thymidine kinase genes as reporters, other reporters such as Neo, 
CAT, P-galactosidase or Green Fluorescent Protein are well known in the art and 
may be used in a similar fashion to carry out the present invention. Other 
references disclosing reporter plasmids containing a reporter gene and expression 
vectors encoding a LBD of a nuclear receptor include Meyer et al, Cell 57:433- 
442 (1989); Meyer et al, EMBO J. 9(1 2) ;3923-3932 (1990); Tasset et al, Cell 
62: 1 177-1 187 (1990); Gronemeyer, H., and Laudet, V., Protein Profile 2:1173- 
1308 (1995); Webster et al. Cell 54:199-207 (1988); Strahle et al, EMBO J. 
7:3389-3395 (1988); Seipel et al, EMBO J. 77/4961-4968 (1992); and Nagpal 
etal, EMBO J. 72:2349-2360 (1993). 

[0123] Other routine assays have been used to screen compounds for their 

agonistic properties on functions of other nuclear receptors, such as steroid 
receptors. For example, a transient expression/gel retardation system has been 
used to study the effects of the synthetic steroids RU486 and R5020 on 
glucocorticoid and progesterone receptor function (Meyer, M-E., et al y EMBO 
J. 9(12): 3923-3932 (1990)). Similar assays have been used to show that 
tamoxifen competitively inhibits estradiol-induced ERAP160 binding to the 
estrogen receptor, suggesting a mechanism for its growth-inhibitory effects in 
breast cancer (Halachimi, S., et al, Science 264: 1455- 1458 (1994)). Since the 
RAR and RXR receptors are apparently structurally similar to other nuclear 
receptors such as the steroid receptors (as reviewed in Chambom P., EASEB J. 
70:940-954 (1996)), routine assays of this type may be useful in assessing 
compounds for their abilities to modulate gene expression through RARs or 
RXR.v A> an alternative routine method, the ettect oi a candidate compound or 
^i»mpi»MiuMi on the binding of the ligand-Jcpcndcnt A F 2 modulator \ \\' ! to a 
RAR ' m RXR 1 BO can he studied iisinr* glutathione S transferase (GST) 
interaction assays by tagging the LBDs with GST as described in detail in 
Lc Douarin et al, EMBO J 74:2020-2033 (1005) 

[0124] In another screening assay, transgenic mice and cell lines that are altered 

in their expression of one or more RAR or RXR receptors may be made as 
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described previously (Krezel, W., etal.Proc. Natl Acad. Sci. USA 93(17):9010- 
9014 (1996)) and may be used to identify agonists of specific members of the 
RAR/RXR class of receptors using methods described previously (WO 
94/26100). In such an assay, the agent which is to be tested will be incubated 
with one or more of the transgenic cell lines or mice or tissues derived therefrom. 
The level of binding of the agent is then determined, or the effect the agent has 
on development or gene expression is monitored, by techniques that are routine 
to those of ordinary skill. As used herein, the term "incubate" is defined as 
contacting the compound or agent under investigation with the appropriate cell 
or tissue, or administering the agent or compound to the appropriate mouse, via 
any one of the well-known routes of administration including enteral, 
intravenous, subcutaneous, and intramuscular. 
[0125] Other assays, such as those described in detail below in the Examples, 

may also be used to predict the modulatory effects of RAR and RXR ligands on 
immune system function (particularly antigen-presenting cell activation and/or 
apoptosis) by determining the agonistic effects of these ligands on other targets. 
For example, certain agonistic retinoids will induce the association of endogenous 
PML/PML-RARa fusion protein with nuclear bodies in cells from APL patients 
(Dyck, J. A., et al. Cell 76:333-343 (1994); Weis, K., et al. Cell 76:345-356 
(1994); Koken, M.H.M., et a/., EM BO J. 13(5): 1073-1083 (1994)) or in related 
established cell lines such as NB4 (Lanotte, M., et al, Blood 77(5): 1080-1086 
(1991)). These effects of RAR or RXR agonists or antagonists may be 
determined, for example, by various immunological techniques such as 
immunofluorescent or immunoelectron microscopy, using antibodies specific lor 
['ML, RAR and/* PV1 1 R AR a uismn nnuomv RAR m RXR ;ilm hiMs ma> aKi > 
be identified b\ then abilities to induce the /v ■ /."'" differentiation ''mat \ i? ation \ 
of certain established cell lines such as HL-60 myelnhla-aic leukemia cells CNagy. 
L.. et <//.. Mo I. Cell. Biol 1 5( 7):354()-355 1 (1995)), NB4 promyelocytic cells 
(Lanotte, M., et al. Blood 77(5): 1080- 1086 (1991), P19 or F9 embryonic 
carcinoma cells (Roy. B.. et aL.Mol Cell. Biol 1 5( 12 ;:64S 1 -6487 (1995); Horn, 
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V., et a/., FASEBJ. 70:1071-1077 (1996)), or ra.v-transformed 3T3 cells (Chen 
ei al , EMBO J. 14(6): 1 1 87- 1 197 (1995)). Ligand-induccd differentiation in these 
and other cell lines may be determined by assaying ligand-treated or -untreated 
cells for the expression of a variety of well-known markers of differentiation as 
generally described in the above references. 
[0126] Similarly, the candidate compounds may be screened by measuring their 

abilities to induce or inhibit/delay/prevent apoptosis (programmed cell death) in, 
for example, HL-60 cells (Nagy, L„ era/., A/r>/. Cell Biol. 75:3540-3551 (1995)), 
P19 cells (Horn, V., et al, FASEBJ. 70:1071-1077 (1996)), or cells (particularly 
myeloid cells) expressing Integrin-Associated Protein (TAP; see EP 0 903 149), 
or in accordance with the invention in one or more antigen-presenting cells, 
precursors thereof, or cell lines derived therefrom, as described herein. In 
particular, screening assays according to this aspect of the invention may be 
earned out using dendritic cells, Langerhans cells, macrophages, or antigen- 
presenting cells derived from peripheral blood monocytes according to methods 
that are known in the art (see, e.g., Geissman et al, J. Exp. Med. 797:961-966 
(1998), Geissman et al, 7. Immunol 762:4567-4575 (1999), and the Materials 
and Methods section in the Examples herein). Apoptosis in such cells is typically 
assessed by measurement of ligand-induced DNA fragmentation, which is 
accomplished by methods such as gel electrophoresis (appearance of smaller 
molecular weight bands), microscopy (changes in plasma membrane morphology 
such as formation of surface protuberances ("blebbing" ) or in nuclear morphology 
such as pyenosis or fragmentation) or expression of the putative apoptosis 
suppressive protein BCL-2 ^decreased in apoptotie cells;, tor general methods 
iiul th^t. u^sion^ of ifu'sr axsavs a^ ihrv jnaiam hi R \R ;md RXR hiohn'v wr 
Vil'v J ..a a! . AM C--V R/W / - ^10 ^ l , n>o^_ \ \ t , vr v . a J / " \ v/y? 
.1 10 1071 1077 (1096)), Other methods for assa>ing ligand-induced apoptosis 
in primary cells and established cell lines, such as flow cytometry or particle 
analysis (appearance of smaller particles with different light scatter and/or DNA 
content profiles), are well-known in the art ( Telford, W.G.. et al. J. Immunol 
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Meth. 172(1 ):1-16 (1994); Campana, D., et al. Cytometry 18( 2 j:68-74 (1994); 
Sgonc, R., and Wick, G., Int. Arch. Allergy Immunol 105(4)321 -332 (1994); 
Fraker, P.J., et <//., Meth. Cell Biol. 46:57-16 (1995); Sherwood, S.W., and 
Schimkc,R.T.,Afe//z. Cell Biol. 46:11-91 ( 1995); Carbonari, M, et a/., Cytometry 
22(3): 161-167 (1995); Mastrangelo, A. J., and Betenbaugh, M.J., Curr. Opin. 
Biotechnol. 6(2): 198-202 (1995); EP 0 903 149). Such methods are also 
described in detail in the Examples herein. 

[0127] Other methods for determining the ability of a candidate compound or 

composition to differentially modulate immune system (particularly antigen- 
presenting cell) function and/or to induce or inhibit/delay/prevent apoptosis in 
mammalian antigen-presenting cells, which are routine in the art, may also be 
used in carrying out the present invention. In performing such assays, the skilled 
artisan will be able to determine which RAR or RXR receptor type an agent binds 
to, what specific receptor(s) are utilized by a given compound, whether the agent 
is an agonist or an antagonist of the given receptor(s), and whether the compound 
or combination of compounds are capable of differentially modulating antigen 
presentation and/or apoptosis in antigen-presenting cells. 

[0128] According to the invention, for assays to determine whether a compound 

is capable of activating, or of inhibiting/delaying/preventing apoptosis in, an 
antigen-presenting cell, the first mammalian cell, but not the second mammalian 
cell, is contacted with the one or more compounds or compositions to be assayed. 
The levels of one or more activation- or apoptosis-associated physiological 
processes or cellular phenotypes are then determined in the first and second cells 
according to one or more of the above-described assays, and the ievels in the first 
ecu arc \hcv compared ? o f.hose hi iho second lenmMiii reii A rnmpmmd or 
composition i s then selected as activating, or ; y i h \ b i \ 1 1 ve 'W e i a \ i ri e ' p re v e n t < 1 1 e 
apoptosis in. an antigen-presenting cell if the le\el of one or more physiological 
processes or cellular markers that changes upon cellular activation (e.g., antigen 
processing and presentation; DNA replication; nuclear transcription complex 
translocation and DNA binding; CD86 antigen expression) or apoptosis (e.g.. 
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liaand-.nduced DNA fragmentation, changes in microscopic morphology, 
appearance of smaller particles with different light scatter and/or DNA content 
profiles) is at least about 30% higher, more preferably at least about 50%, 55%, 
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 200%, 300%, 400%, 500%, 
etc., higher, in the cell that has been contacted with the compound or composition 
than the level of the same physiological processes or cellular markers in the 
(control) cell that has not been contacted with the composition or compound to 
be assayed. Analogously, a compound or composition is selected as activating, 
or inhibiting/delaying/preventing apoptosis in, an ant.gen-presenting cell if the 
level of a physiological process or cellular marker that decreases upon cellular 
activation (e.g., expression of antigens associated with an immature phenotype 
in Langerhans cells, such as CDla, E-cadhenn, CLA, and Lag) or apoptosis (e.g. , 
expression of the putative apoptos.s suppressive protein BCL-2) is at least about 

r i i,. „♦ nhout ^0% SS<&. 60%. 65%, 70%, 75%, 
30% lower, more preferably ui i^jsl udoui , - - 

80%, 83%, 85%, 90%, 93%, 95%, 97%, 98%, 99% or 100%, lower, in the cell 
that has been contacted with the compound or composition than the level of the 
same physiological processes or cellular markers in the (control) cell that has not 
been contacted with the composition or compound to be assayed. 
[0129] Similarly, for assays to determine whether a compound is capable of 

inducing apoptosis in an ant.gen-presenting cell, the first, but not the second, cell 
is contacted with one or more test compounds to be screened tor the ability to 
induce apoptosis in the first cell The levels of one or more apoptos.s-associated 
physiological processes or cellular phenotypes are then determined in the first and 
second cells according to one or more of the above-de^nbed a>sa>>. and the 

,i *U , > mhe 1 { -ontT-nn CPU ^ 

1. 1 . , -,,h if V n , rmiparcd !n Uiom/ m uk . "H* * u - - ■ ■ 

iri Ifit - lil^i v v ii ai c lii«_>. - \ i-i . - 

> vuj * - 1 - - ■ - - - - 

, „ . ,u _ .-.^.i.wi w hhId, inr apoptosis in an antigen- 
compound Ol CUlli[K)>Ui»n i> lii^ii .^^-v, a ^ t . 

presenting cell ,1 the level of one o, more physiological processes or cellular 
markers that increases upon apoptosis «,.,.. l.gand-mduced DNA fragmentation, 
changes in microscopic morphology, appearance of smaller particles with 
different light scatter and/or DNA content profiles) is at least about 30% higher. 
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more preferably at least about 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 95%, 100%), 200%, 300% , 400%, 500%, etc., higher, in the cell that has 
been contacted with the compound or composition than the level of the same 
physiological process or cellular marker in the (control) cell that has not been 
contacted with the composition or compound to be assayed. Analogously, a 
compound or composition is selected as inducing apoptosis in an antigen- 
presenting cell if the level of one or more physiological processes or cellular 
markers that decreases upon cellular apoptosis (e.g., expression of the putative 
apoptosis suppressive protein BCL-2) is at least about 30% lower, more 
preferably at least about 50%, 55%, 60%, 65%. 70%, 75%, 80%, 83%, 85%, 
90%, 93%, 95%, 97%> 98%, 99% or 100%, lower, in the cell that has been 
contacted with the compound or composition than the level of the same 
physiological process or cellular marker in the (control) cell that has not been 
contacted with the composition or compound to be assayed. 
[0130] For detailed discussion of markers of activation in antigen-presenting 

cells, .vet' WO 97/14426; WO 97/24447: WO 97/29182; WO 97/29183; Paglia, 
P., et al, J. Exp. Med. 178: 1893-1901 (1993); Paglia, P., et al, J. Exp. Med. 
183:311-322 ( 1996); Steinman, R.M., Exp. Hematol. 24:859-862 (1996); Nestle, 
F.O., et al, Nature Med. 4:328-332 (1998); Geissmann, F., et al, J. Exp. Med. 
187:961-966 (1998); Geissmann. F., J. Immunol. 762:4567-4575 (1999), the 
disclosures of all of which are incorporated herein by reference. For detailed 
discussion of markers of apoptosis in antigen-presenting cells, see Nagy, L., et 
al.,Mol Cell Biol. / 5(7*3540-355 1 (1995); Horn, V.,et al, FASEBJ. 10: 107 1- 
1077 (1996); Telford, W.G., et al, J. Immunol, \htii. 172ii)A -16 1.1994), 

r.,uip.ir,.l I) ,','.//.. ( \!oinr!> / vjrh,-. - 4> I C K>4 i Sgi.'IK. R - <md Wick. ( i . /.'.'.' 

. ,,, , , / i,.;, i , i ->-7 r,-> , ioo l , F. PI et al . Metlr Cell 

Ari ii. Ant /x.* Ii/tii, ,<)'•"- i i I: 1 ' ■ ■ 

Biol 46:57-76 (1995), Sherwood. S.W . and Schimke. R.T.. Mcth. Cell Bin} 
46:11-91 (1995), Carbonari, M.. et al. Cytomctn' 22(^:1 61 -167 (1995): 
Mastrangelo, A.J.. and Bctenbaugh. M.J., Curr. Opin. Bioteelmol. 6(2): 198-202 
( 1995). the disclosures of which arc incorporated by reference herein. 
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[0131] Thus, the invention provides high-throughput screening assays for rapidly 

identifying compounds or compositions that are capable of differentially 
modulating immune function in animal cells, particularly those compounds or 
compositions that are capable of activating or affecting (i.e. 
inhibiting/delaying/preventing, or inducing) apoptosis in antigen-presentingcells. 

Selection and Synthesis of Candidate Compounds and Compositions 
[0132] As noted herein, the methods of the invention may be used to select or 

identify one or more compounds or compositions that are capable of modulating 
the immune system, preferably by affecting antigen-presenting cells. Compounds 
or compositions selected according to these methods can be, but are not limited 
to, peptides, carbohydrates, steroids and vitamin derivatives, which may each be 
natural or synthetic, and are preferably retinoids or retinoid derivatives that bind 
to one or more RAKs or RXRs. The agents can be selected and screened at 
random, or can be rationally selected or rationally designed using protein 
modeling techniques. For random screening, agents such as peptides, 
carbohydrates, steroids or vitamin derivatives (e.g., derivatives of RA) are 
selected at random and are assayed, using direct or indirect methods that are 
routine in the art, for their ability to bind to a RAR or RXR receptor or a 
functional retinoid RAR:RXR receptor heterodimer. For example, candidate 
RAR agonists according to the present invention include synthetic retinoids such 
as Am80 and others for which the structures are disclosed in Ostrowski et ai, 
Proc. Natl. Acad. Sci. USA 92: 1812- 1816 (1995), Roy et aU Mol Cell. Biol. 
/^/2j:6481-6487 (1995). and Taneja, R.. et at., Proc. NatL Acad. Scl USA 
V/..6i97 620-2 ;199G;, the I. ^inv^ ol w hiJi are incorporated hen-m m tin.' it 
entireties, i andidate RXR agonists avoiding u, present m\e!M!on incl'itlt- 
synthetic retinoids such as SRI 1237 (the structure of which is disclosed in 
Lehman, J. M., et at. , Science 25.S: 1 944- 1 946 ( i 9^2), w Inch is incorporated herein 
in its entirety). Other candidate RAR agonists and antagonists, and RXR agonists 
and antagonists, w hich may be used in conjunction with the methods of the 
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invention are described in U.S. Patent No. 5,559,248, and in commonly owned, 
co-pending U.S. Application Nos. 08/919,318, filed August 28, 1997. and 
09/065,904, filed April 24, 1998, and the corresponding PCT publications WO 
98/08546 and WO 98/48055, the disclosures of all of which are incorporated by 
reference herein in their entireties. 

[0133] Alternatively, agents may be rationally selected. As used herein, an agent 

is said to be "rationally selected" when the agent is chosen based on the physical 
structure of a known ligand of a RAR or RXR receptor or a functional 
heterodimeric RAR:RXR retinoid receptor. For example, assaying compounds 
possessing a retinoic acid-like structure would be considered a rational selection 
since retinoic acid-like compounds are known to bind to a variety of retinoid 
receptor heterodimers. 

[0134] Since highly purified RAR and RXR proteins are now available, X-ray 

crystallography and NMR-imaging techniques, or techniques based on a computer 
model of the LBD of one or more RAR or RXR receptor types, can be used to 
identify the structure of the ligand binding site present on these proteins and, by 
extension, that which is specifically present on one or more RAR or RXR 
receptor types. For example, the crystal structure of the ligand binding domains 
of certain nuclear receptors have been described. In particular, the crystal 
structure of the RXR LBD is described in Bourguet et aL, Nature ^75/377-382 
(1995), and the crystal structure of the RAR LBD is described in Renaud et aL, 
Nature ^7^/681-689 (1995) Using information from the crvstal structure of a 
RAR or RXR, computer programs are available that allow one to "rationally 
design candidate agonists which would likely bind to the receptor ligand binding 
domains ! Hodgson. Hm! ti hn; \'r V ! 24^- l24~ < i090r Hodgson Hint a /m/m/mlm 
V (>U9 U\\{ 1991 )). Suitable computer program package- for thi< purpose include 
WHAT IF l Vi lend. G., 7. XI ol. Graphics oV52-56 f 1 000)). and GRID (Cioodford. 
J. Med. Chew 2S X49-XS7 ( 1985)). Using the predicted structure obtained via 
such computer modeling, candidate agonist compounds may be generated by 
methods of synthetic organic and inorganic chemistry that are know n in the art. 



[0135] Other retinoids, such as RAR and RXR agonists (which may be synthetic 

retinoids), suitable for use in the present invention may be prepared by the 
methods described and cited herein, and by others that will be familiar and 
routine to those of ordinary skill in the art. 

Cytokines 

[0136] In certain embodiments as described herein, the methods and 

compositions of the invention may optionally include the use of one or more 
cytokines in conjunction with one or more retinoids. Preferred cytokines for use 
in such aspects of the invention include any compound that acts as a biological 
response modifier and induces a physiological response in a cell, such as growth, 
differentiation, senescence, apoptosis, cytotoxicity or antibody secretion, 
including but not limited to growth factors (such as EGF, ECGF (also known as 
aFGF). bFGF. KGF, HGF, IGF- 1 , IGF-2, TGF-(3, NGF and the like), interieukms 
(including IL-la, IL-1 p, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL- 
11, IL-1 2, IL-1 3, IL-14. IL-1 5. IL-16, IL-1 7, IL-1 8, etc.), colony-stimulating 
factors (including GM-CSF, M-CSF, G-CSF and the like), interferons (including 
IFN-a, 1FN-P, and LFN-y), tumor necrosis factors (particularly TNF-oc), 
lymphotoxin, and the like. Particularly preferred for use in accordance with the 
present invention are IL-ip and TNFa, and functionally active fragments, 
variants and derivatives thereof, and most particularly TNFa. 

[0137] Cytokines used in accordance with the invention preferably are isolated, 

and may be obtained from natural (i.e., cellular) sources such as activated 
monocytes, macrophages, lymphocytes or other cells. Alternatively, since the 
n uc je<. 'tide sequences tor c vtokine< are kivuvn m the art ' '■ /a . i he ON -\ seqi icniv^ 
for the 1L 1 p and TNFa genes arc a\ ailable as GenBank Accession Nov \n l^OO 
and F02S70. iespecti vel\ . u hich arc incorporated b\ leferencc herein). c\ toki ne> 
may be produced using recombinant DNA techniques according to standard 
methods of cloning and protein expression that will be familiar to the ordinarily 
skilled artisan. Recombinant!} produced cytokines may then be isolated using 
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standard techniques of protein isolation and purification that are also routine in 
the art, particularly chromatographic and electrophoretic techniques. Such 
recombinant and isolated natural cytokines may also be obtained commercially, 
for example from Sigma (St. Louis, MO), R&D Systems, Inc. (Rochester, 
Minnesota), or Life Technologies, Inc. (Rockville, MD). As another alternative, 
since the three-dimensional protein structures for such cytokines are known or 
can be determined using routine methods of protein chemistry (e.g., X-ray 
crystallography, NMR, ammo acid analysis, etc.), cytokines for use in the present 
methods and compositions may be made synthetically according to standard 
methods of protein synthesis, either manually or preferably using automated 
protein synthesis. 

Clinical Indications 

[01381 Thus, methods for identifying compositions or compounds capable of 

differentially modulating immune system function, particularly via modulating 
the activation and/or apoptosis of antigen-presenting cells, are provided by the 
present invention. The compounds or compositions identified according to these 
methods may then be used, in another preferred embodiment of the invention, in 
methods for the treatment and/or prevention of a variety of physical disorders in 
animals (particularly mammals including humans) that are predisposed or 
susceptible to, or suffering from, a physical disorder that may be delayed, 
prevented, cured or otherwise treated by differentially modulating immune system 
function, particularly via modulating the activation and7or apoptosis of antigen- 
presentmg ceils and most particularly b> modulating the activation and or 




I he 




prophylactically a^ chemopre\ enti vc agents for such disorders. Alternatively, the 
compounds and compositions of the invention may be used in formulating 
preventative vaccines or adjuvants therefor, which may be administered to an 
animal to prevent the dev elopment of. or induce immunity to, a particular disease. 
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physical disorder or disease syndrome. Certain preferred vaccines according to 



such aspects of the invention may comprise, for example, one or more retinoids, 
one or more cytokines, and one or more antigens to which an immune response 
is to be induced in the animal (such as one or more bacterial antigens, one or 
more fungal antigens, one or more viral antigens, one or more animal antigens 
(including one or more parasite antigens), one or more tumor cell antigens (which 
may be one or more tumor cell-specific antigens ), one or more plant antigens, and 
the like, or any combinations or admixtures thereof). 
[0139] According to the invention, an animal, particularly a mammal (preferably 

a human) that is suffering from, or that is predisposed or susceptible to, a physical 
disorder may be treated by administering to the animal an effective dose of a 
composition or compound or the invention, or a composition or compound 
selected according to the above-described methods of the invention optionally in 
combination with a pharmaceutical!}' acceptable carrier or excipient therefor. As 
used herein, an animal that is "suffering from" a particular physical disorder is 
defined as an animal that exhibits one or more overt physical symptoms of the 
disorder that are typically used in the diagnosis or identification of the disorder 
according to established medical and veterinary procedures and protocols that 
will be familiar to the ordinarily skilled artisan. Analogously, as used herein, an 
animal that is "predisposed to" or "susceptible to" a physical disorder is defined 
as an animal that does not exhibit a plurality of overt physical symptoms of the 
di sorder but that is genetically, physiologically or otherwise at risk for developing 
the disorder under appropriate physiological and environmental conditions. 
Hence, whether or not a particular animal is .filtering from," " predisposed to 




.killed artisan upon determination mT th^ m r( l>, .,1 historv of the animal usine 
methods that arc routine m the medical and veterinary arts. 



[0140] 



Physical disorders treatable or preventable with the compositions and 
methods of the present invention include any physical disorder that may be 
delayed, prevented, cured or otherwise treated by modulating immune system 
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function, particularly activation and/or apoptosis in antigen-presenting cells, in 
an animal suffering from, or predisposed or susceptible to, the physical disorder. 
Such physical disorders that may be treatable or preventable using compositions 
and methods that activate, or inhibit/delay/prevent apoptosis in, antigen- 
presenting cells may include, but are not limited to, infectious diseases 
(particularly bacterial diseases (including without limitation meningitis, 
pneumonia, tetanus, cholera, typhoid fever, staphylococcal skin infections, 
streptococcal pharyngitis, scarlet fever, pertussis, diphtheria, tuberculosis, 
leprosy, rickettsial diseases, bacteremia, bacterial venereal diseases and the like), 
viral diseases (including without limitation meningitis, AIDS, influenza, rhinitis, 
hepatitis, polio, pneumonia, yellow fever, Lassa fever, Ebola fever and the like), 
and/or fungal diseases (including without limitation cryptococcosis, 
blastomycosis, mucormycosis, histoplasmosis, aspergillosis, and the like), 
parasitic diseases (including without limitation malaria. Leishmaniasis, filariasis, 
trypanasomiasis, schistosomiasis, and the like), cancers (such as carcinomas, 
melanomas, sarcomas, leukemias and the like), and other disorders treatable or 
preventable using the methods and compositions of the invention that activate 
and/or inhibit/delay/prevent apoptosis in antigen-presenting cells in the animal. 
Analogously, physical disorders that may be treatable or preventable using 
compositions and methods that induce apoptosis in antigen-presenting cells may 
include, but are not limited to, immune system disorders (such as rheumatoid 
arthritis, multiple sclerosis, systemic lupus erythematosis. Crohn's Disease), and 
other disorders treatable or preventable using the methods and compositions of 
the invention that induce apoptosis in antigen-presentingcclls m the animal. The 

♦ i. ] ,K , . , T ,» ,m .Mitmn nvn tUn hf 1 1 <C ( 1 1H ItU' pi C'^ CI mull vM uhUl>l 

I II C I ! i H J > 1,1 1 ' n i m t >v i 1 1 i m > ^ i i l i ^ - 1 i > . . < ■. ■ -.- ■ ~ - - - i 
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lesion to a malignant lesion, and to treat an animal suffering from, or predisposed 
to. other physical disorders that respond to treatment with compositions that 
activate, or inhibit/delay/prevent or induce apoptosis in, antigen-presenting cells. 
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Formulation and Methods of Administration 
[0141] As indicated above, the compositions and compounds of the invention, 

or compositions and compounds selected according to the methods of the 
invention, are known to elicit a wide array of cellular responses, several of which 
have clinical applications in treating or preventing physical disorders in a patient. 
The term "patient" as used herein is defined as an animal, preferably a mammal, 
including a human. As used herein, "an effective amount" of a retinoid or of a 
cytokine is defined as an amount effective to elicit a cellular response in cells 
which express a retinoid (and, in certain embodiments, a cytokine) receptor. 
Example clinical therapies which involve administering at least one retinoid and 
optionally at least one cytokine, or compositions comprising at least one retinoid 
and optionally at least one cytokine, to a patient are discussed in more detail 
below. 

[0142] The therapeutic methods of the invention thus use one or more 

compounds or pharmaceutical compositions comprising one or more compounds 
selected for their ability to modulate immune system function, particularly via 
activating, or inhibiting/delaying/preventing or inducing apoptosis in, antigen- 
presenting cells as described herein, and optionally a pharmaceutically acceptable 
carrier or excipient therefor. The compositions and compounds of the invention 
may be administered orally, rectally, parenterally. intrasystemically, 
intravaginally, intraperitoneal^, topically (as by powders, ointments, drops or 
transdermal patch), bucally, or as an oral or nasal spray. The compositions of the 
invention comprising one or more cytokines, or the one or more cytokines used 
in the methods of the invention, are preferably administered to the animal 
uiliaiiiLiiLuia! !> , n i_ j 1 ^ i i j i , 1 1 1 1 i j 1 1 ^ ! \ ,>r jnii'a\ enous!\ . although other mode** ;md 
methods oi admmisu ation dcsuibcd hcicin and known to the ordinarih ^killed 
artisan ma> also suitably be used m accordance with the invention. B\ 
"pharmaceutically acceptable earner, diluent or excipient" is meant a non toxic 
solid, semisolid or liquid filler, diluent, encapsulating material or formulation 
auxiliary of any type. The term "parenteral" as used herein refers to modes of 
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administration which include intravenous, intramuscular, intraperitoneal, 
intrasternai, subcutaneous and intraarticular injection and infusion. 
[0143] Pharmaceutical compositions used in the methods of the present invention 

for parenteral injection can comprise pharmaceutical^ acceptable sterile aqueous 
or nonaqueous solutions, dispersions, suspensions or emulsions as well as sterile 
powders for reconstitution into sterile injectable solutions or dispersions just prior 
to use. Examples of suitable aqueous and nonaqueous carriers, diluents, solvents 
or vehicles include water, ethanol, polyols (such as glycerol, propylene glycol, 
polyethylene glycol, and the like), carboxymethylcellulose and suitable mixtures 
thereof, vegetable oils (such as olive oil), and injectable organic esters such as 
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating 
materials such as lecithin, by the maintenance of the required particle size in the 
case of dispersions, and by the use of surfactant. 
[0144] The pharmaceutical compositions used in the methods of the present 

invention may also contain adjuvants such as preservatives, wetting agents, 
emulsifying agents, and dispersing agents. Prevention of the action of 
microorganisms may be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and 
the like. It may also be desirable to include isotonic agents such as sugars, 
sodium chloride, and the like. Prolonged absorption of the injectable 
pharmaceutical form may be brought about by the inclusion of agents which delay 
absorption such as aluminum monostearate and gelatin. 
[0145] In some cases, in order to prolong the effect of the drugs, it is desirable 

to slow the absorption from subcutaneous or intramuscular injection, i his mu> 
be accomplished b\ the use of a liquid Mi*-peiiMon o! u"\s'u\'!inc or amoiphou;- 
.....teal u,th poor v-atcr :,o!uhi!it> The ni«e of :.lw irp tinn of the drug then 
depends upon its rate of dissolution which, in turn, may depend upon crystal size 
and crystalline form. Alternatively, delayed absorption of a parcnterally 
administered drug form is accomplished by dissolving or suspending the drug in 
an oil vehicle. 
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[0146] Injectable depot forms are made by forming microencapsule matrices of 

the drug in biodegradable polymers such as polylactide-polyglycolide. 
Depending upon the ratio of drug to polymer and the nature of the particular 
polymer employed, the rate of drug release can be controlled. Examples of other 
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot 
injectable formulations are also prepared by entrapping the drug in liposomes or 
microemulsions which are compatible with body tissues. 
[0147] The injectable formulations can be sterilized, for example, by filtration 

through a bacterial-retaining filter, or by incorporating sterilizing agents in the 
form of sterile solid compositions which can be dissolved or dispersed in sterile 
water or other sterile injectable medium just prior to use. 
[0148] Solid dosage forms for oral administration include capsules, tablets, pills, 

powders, and granules. In such solid dosage forms, the active compounds are 
mixed with at least one item pharmaceuticals acceptable excipient or earner such 
as sodium citrate or dicalcium phosphate and/or a) fillers or extenders such as 
starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as, 
for example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, 
sucrose, and acacia, c) humectants such as glycerol, d) disintegrating agents such 
as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain 
silicates, and sodium carbonate, e) solution retarding agents such as paraffin, 
0 absorption accelerators such as quaternary ammonium compounds, g) wetting 
agents such as, for example, cetyl alcohol and glycerol monostearate, 
h) absorbents such as kaolin and bentonite clay, and I) lubricants such as talc, 
calcium stearate, magnesium siearate, solid polyethylene glycol*, sodium iauryi 
vni| ate . and nil \tures thereof In the ea^r < w eapMiic^ i.ibiei ^ and pi II >. the dosage 
form may also comprise buffering agents 
[0149] Solid compositions of a similai type may also be employed as fillers in 

soft and hardfilled gelatin capsules using such cxcipicnts as lactose or milk sugar 
as well as high molecular weight polyethylene glycols and the like. 
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[0150] The solid dosage forms of tablets, dragees, capsules, pills, and granules 

can De preparea wiin coatings unu micus &uui a» cmuiw *-^"»6 j 
coatings well known in the pharmaceutical formulating art. They may optionally 
contain opacifying agents and can also be of a composition that they release the 
active ingredients ) only, or preferentially, in a certain part of the intestinal tract, 
optionally, in a delayed manner. Examples of embedding compositions which 
can be used include polymeric substances and waxes. 
[0151] The active compounds can also be in micro-encapsulated form, if 

appropriate, with one or more of the above-mentioned excipients. 
[0152] Liquid dosage forms for oral administration include pharmaceutical^ 

acceptable emulsions, solutions, suspensions, syrups and elixirs. In addition to 
the active compounds, the liquid dosage forms may contain inert diluents 
commonly used in the art such as, for example, water or other solvents, 
soiubili/ang agents and emuisifiers such as ethyl alcohol, isopropy! alcohol, ethyl 
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3- 
butylene glycol, dimethyl fonnamide, oils (in particular, cottonseed, groundnut, 
corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol, 
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. 
[0153] Besides inert diluents, the oral compositions can also include adjuvants 

such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, 
and perfuming agents. 
[0154] Suspensions, in addition to the active compounds, may contain 

suspending agents as, for example, ethoxylated isostearyl alcohols, 
polyoxyethylene sorbitol and sorbitan esters, microcrystalhne cellulose, 
.tlwminum metah\dro\ide. hentomte. agas aiiar. and tr-igac;mm ;nui rmMuics 
ii icicul . 

[0155] Topical administration includes administration to the skin or mucosa, 

including surfaces of the lurm and eye Compositions for topical administration, 
including those for inhalation, may be prepared as a dry powder which may be 
pressurized or non-pressun/ed. In nonpressurized powder compositions, the 
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active ingredients in finely divided form may be used in admixture with a larger- 
sized pharmaceutically acceptable inert carrier comprising particles having a size, 
for example, of up to 100 /xm in diameter. Suitable inert carriers include sugars 
such as lactose. Desirably, at least 95% by weight of the particles of the active 
ingredient have an effective particle size in the range of 0.01 to 10 /xm. 

[0156] Alternatively, the pharmaceutical composition may be pressurized and 

contain a compressed gas, such as nitrogen or a liquefied gas propellant. The 
liquefied propellant medium and indeed the total composition is preferably such 
that the active ingredients do not dissolve therein to any substantial extent. The 
pressurized composition may also contain a surface active agent. The surface 
active agent may be a liquid or solid non-ionic surface active agent or may be a 
solid anionic surface active agent. It is preferred to use the solid anionic surface 
active agent in the form of a sodium salt. 

[0157] A further form of topical administration is to the eye. In this form of 

administration, the compounds or compositions of the invention are delivered in 
a pharmaceutically acceptable ophthalmic vehicle, such that the compounds or 
compositions are maintained in contact with the ocular surface for a sufficient 
time period to allow the compounds to penetrate the corneal and internal regions 
of the eye, as for example the anterior chamber, posterior chamber, vitreous body, 
aqueous humor, vitreous humor, cornea, iris/ciliary, lens, choroid/retina and 
sclera. The pharmaceutically acceptable ophthalmic vehicle may, for example, 
be an ointment, vegetable oil or an encapsulating material. 

[0158] Compositions for rectal or vaginal administration are preferably 

suppositories which can be prepared by mixing the compounds* or compositions 
f . »! !no invention with suitable nnn miianm 7 evcipieniN. diluents oi centers mi^m 
as cocoa butler po!\ eth\ lone ti!\ col or a <uppo^it< vo v*- a v ^ nuh .tre so] u! ;it room 
temperature but liquid at body temperature and therefore melt in the rectum or 
vaginal cavity and release the drugs. 

[0159] The pharmaceutical compositions used in the present therapeutic methods 

may also be administered in the form of liposomes. As is known in the art. 
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liposomes are generally derived from phospholipids or other lipid substances. 
Liposomes are formed by mono- or multi-lame!!ar hydrated liquid crystals that 
are dispersed in an aqueous medium. Any non-toxic, physiologically acceptable 
and metabolizable lipid capable of forming liposomes can be used. The present 
pharmaceutical compositions in liposome form can contain, in addition to the one 
or more retinoids and one or more cytokines, stabilizers, preservatives, 
excipients, and the like. The preferred lipids are the phospholipids and the 
phosphatidyl cholines (lecithins), both natural and synthetic. Methods to form 
liposomes are known in the art (see, e.g., Prescott, E., Meth. Cell Biol. 14:33 
(1976)). 

Dosaging 

[0160] By the invention, one or more retinoids and one or more cytokines can be 

administered in vitro, ex vivo or in vivo to antigen-presenting cells to enhance the 
immune response in an animal by activating the antigen-presenting cells. One of 
ordinary skill will appreciate that effective amounts of a retinoid and/or cytokine 
can be determined empirically and may be employed in pure form or, where such 
forms exist, in pharmaceutically acceptable salt, ester or prodrug form. The 
retinoid(s) and cytokine(s) may be administered to a patient in need thereof as 
pharmaceutical compositions in combination with one or more pharmaceutically 
acceptable excipients. It will be understood that, when administered to a human 
patient, the total daily usage of the compounds and compositions of the present 
invention will be decided by the attending physician within the scope of sound 
medical judgement. The specilic therapeutical i) effective do^c ie\ei lor an) 
Pintuulai patient win depend upon a i «f factor- including the t\pe and 

degree <>f the ■ /el It if tr * e^p» >n^e to he achieved" aetivitv of the specific retinoid(s) 
and cytokine^) employed; the specific composition employed; the age. body 
weight, general health, sex and diet of the patient; the time of administration, 
route of administration, and rate of excretion ol the retinoid(s) and cytokine(s); 
the duration of the treatment; drugs used in combination or coincidental with the 
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specific retinoid(s) and cytokine(s); and like factors well known in the medical 
arts. For example, it is well within the skill of the art to start doses of retinoid(s) 
and cytokine(s) at levels lower than those required to achieve the desired 
therapeutic effect and to gradually increase the dosages until the desired effect is 
achieved. 

[0161] For example, satisfactory results are obtained by oral administration of a 

retinoid at dosages on the order of from 0.05 to 10 mg/kg/day, preferably 0. 1 to 
7.5 mg/kg/day, more preferably 0.1 to 2 mg/kg/day, administered once or, in 
divided doses, 2 to 4 times per day. On administration parenterally, for example 
by i.v. drip or infusion, dosages on the order of from 0.01 to 5 mg/kg/day, 
preferably 0.05 to 1 .0 mg/kg/day and more preferably 0.1 to 1.0 mg/kg/day can 
be used. Suitable daily dosages for patients are thus on the order of from 2.5 to 
500 mg p.o., preferably 5 to 250 mg p.o., more preferably 5 to 100 mg p.o., or on 
the order of from 0.5 to 250 mg i.v., preferably 2.5 to 125 mg i.v. and more 
preferably 2.5 to 50 mg i.v. Suitable daily dosage ranges for the one or more 
cytokines used in the compositions or methods of the invention (which may 
advantageously be administered intramuscularly, subcutaneously or 
intravenously, or by any other suitable mode or method of administration familiar 
to those skilled in the art) are on the order of about 0. 1 unit to about 100,000,000 
units, about 0.5 unit to about 50,000,000 units, about 1 unit to about 25,000,000 
units, about 5 units to about 20,000,000 units, about 10 units to about 15,000,000 
units, about 15 units to about 10,000,000 units, about 20 units to about 750,000 
units, about 25 units to about 500,000 units, about 50 units to about 250.000 
units, about 50 units to about 1 00,000 units, about 50 units to about ?0,t)00 units, 
about 5o uniK td ah< >ui 2 ^.000 uniK. aN >ut 50 unit > to about I O.OOf ) Lin:ts. about 
50 unil^. to about 5 000 iimK wUmit SO units to about ? SOf) units, about 50 units 
to about \1.000 units, about 50 units to about 500 units, or about 100 units to 
about 500 units. In particular, TNFcc is preferably administered in the 
compositions and methods of the invention at amounts ranging from about 10 
units to about 15.000 units, about 15 units to about 10.000 units, about 20 units 
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to about 7500 units, about 25 units to about 5000 units, about 50 units to about 
2500 units, about 50 un.ts to about 1000 units, about 50 units to about 500 units, 
or about 100 units to about 500 units, and most preferably at about 50 units to 
about 1000 units. If des.red, TNFoc may be administered in conjunction with one 
or more additional cytokines {e.g. , IL- 1 f3), at the above dosage ranges or at dosage 
ranges described in reports of clinical studies available in the literature (see, e.g., 
Eskander et al, Am. J. Clin. Onol. 20:511-514 (1997), which is incorporated 
herein by reference for its relevant teachings). Of course, other suitable dosages 
for use in accordance with the invention may be determined on a patient-by- 
patient basis by those of ordinary skill in the pharmaceutical arts, using assays 
that are well-known in the art without resorting to undue experimentation (see, 
e.g., Eskander et al. Am. J. Clin. Onol. 20:511-514 (1997); Harris et al, Sen,. 
Oncol. 26:439-447 (1999), which are incorporated herein by reference for their 
relevant teachings). Assays for determining activity (units/mg) of a given 
cytokine preparation will be familiar to those of ordinary skill in the art. For 
instance, the activity of a preparation of TNFa may be determined using a 
standard cytotoxicity assay using L929 or WEHI target cells, as described, for 
example, m Gautam et al., J. Hematotherapy 8:237-245 (1999) and in Postma 
et al, Antimicrob. Agents Chemother. 43:1027-1033 (1999), which are 
incorporated herein by reference for their relevant teachings. Other suitable 
assays for determining the activity of preparations of other cytokines that may be 
advantageously used in the compositions and methods of the invention will be 
familiar to one of ordinary skill. 
[0162] Dosaging ot the retinoids and/or cytokine* mu\ ai»o be arranged in a 

. r. > ^.. r ,„ llt . t,, n mi i/h- -4 nreaeiermmed uniLLiiuduVM v. .k.....v..^ 

Ji 1 1 C [ 1 1 - i DC '- ! ! - u i i 1 1 1 i i i t v i iv v > i * - - ' « - " _r ■ ' w ~* ~ ■ ■ 

.11.. i \ , f i Kx- t,N-ru m me- /uventod and routine 

and/01 CNloKine m me I'lv^u. a.uLLUinu.u. ■ ; — ■= i 

in the a.t (HPLC >s preferred). Thus patient dosaging may be adjusted to achieve 

,.,„.., ,~ „ oin „ r o,,n,„d hloo.1 levels, as measured by HPLC. on the order of 

from 50 to 1000 ng/ml. preferably 150 to 500 ng/ml. 
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[0163] It will be readily apparent to one of ordinary skill in the relevant arts that 

other suitable modifications and adaptations to the methods and applications 
described herein are obvious and may be made without departing from the scope 
of the invention or any embodiment thereof. Having now described the present 
invention in detail, the same will be more clearly understood by reference to the 
following examples, which are included herewith for purposes of illustration only 
and are not intended to be limiting of the invention. 

EXAMPLES 

Materials and Methods 
[0164] The following materials and methods were generally used in all 

Examples: 

[0165] Culture of LC. Pure (>95 r l) immature dendritic cells with the 

Langerhans cell phenotype (CDla + . E-cadherin\ CLA + , Lag + , CMHII 10 , CD86 
,TNFRl'° '), high pinocytic and weak antigen presentation activities, were obtained 
as previously described (Geissmann, F., etai, J. Exp. Med. 787:961-966(1998); 
Geissmann, F., J. Immunol. 762:4567-4575 (1999)) from purified blood CD14 + 
human monocytes cultured for 5 to 7 days in RPMI 1640 supplemented with 2 
mM L-glutamine. 100 U/ml penicillin. 100 mg/ml streptomycin, 10% heat- 
inactivated FCS Myoclone (all from Life Technologies. Inc., Rockville, MD), 250 
ng/ml GM-CSF (Sandoz AG Bale. Switzerland). 30 ng/ml IL-4 and 10 ng /ml 
TGFPI (R&D Systems, Minneapolis. MN). and are referred to herein as LC. 
These immature DC become mature alter CD40L triggering ^as a surrogate 
, ,„.n..i.> ...n-,;,!. (Geissmann. K. ./ Immunol. />,: : 45«>7-4S75 , 1999V,. 
[01661 Rciuioni* urui iu'!^/it ». A " KA v - ' 1 

immunochemicals (St. Louis, MO;, and retinol and 0-ci>-R A fOcRA) were from 
Calbiochem, La Jo! la. CA. Agonists tor RARa (Compound II), RARp 
(Compound Hi and Compound VIII), RARy (Compound IV), RARcx 
(Compound II) and pan-RAR (Compound VIII) antagonists, and a pan-RXR 
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agonist (SRI 1237) were a gift from Bristol-Myers Squibb. All retinoids were 
stored dissolved in cthanol at 1 0 3 M. Human recombinant TNFcc and IL- 1 p were 
from R&D Systems, Minneapolis, MN. Murine fibroblast cell lines transfected 
with human CD40L was kindly provided by Dr F. Briere (Schering-Plough, 
Dardilly, France). 

[0167] Transcriptional Activity Assays. Transcriptional activities of retinoids 

used in these studies (results depicted in Table 3) have been previously 
determined using reporter cells for the AF2 functions of RARs (a, p or y), and 
RXRs, while RXRoc homodimer [(RXR) 2 ] activity on a DRl-tk-CAT reporter 
gene and RARa-RXRa heterodimer activity on a DR5-tk-CAT reporter gene 
were determined by transient transfections (Chen, J.-Y., et al, Nature 382:819- 
822 (1996); Chazaud, C, et a!., Development 726:2589-2596 (1999); Taneja, R., 
et al, Proc. Natl. Acad. Sci. USA 93:6197-6202 (1996); Chen, J.-Y., et al.. 
LMRO J. 74:11 87- 11 97 (1 995)). 
[0168] Flow Cytometry Analysis. IxlO 5 cells were incubated in 96-well plates 

(Becton Dickinson Labware, Franklin Lakes, NJ) for 15 min at 4°C in PBS, 2% 
human AB serum, and 0.01 M NaN 3 , with FITC-conjugated anti-DR 
(Immunotech, Marseille, France) and PE-conjugated CD86 (Pharmingen, 
San Diego, C A) at the appropriate concentration, or with control isotype-matched 
irrelevant mAbs at the same concentration. After washing, 10 4 events were 
analyzed with a FACScalibur (Becton Dickinson Immunocytometry Systems, 
Mountain View, CA) using CellQuest software. 
[01 69] Antigen presentation assays. Dendritic cells were col lected, washed three 

times, pulsed for 8 hours with tetanus toxin or medium alone, then lor 40 hour;, 
v .,,i, ,j, ., ,•>„. ,; .vim.v.ds and ! M v. ■■ K-' ng/mh. Cei'K ueir washed 2 iinic> .n 
RPM1 wan iU « human AB xium. re.Mi.pcr.ded ;n RPMI with 10-! human \R 
scrum and added in triplicate at various concentrations to 10' autologous 
(autologous antigen presentation assay) or allogcnous (MLR) T cells/well in 96- 
well tissue culture plates (Falcon). T-cells were isolated by the standard Ficoll- 
Paque method followed by magnetic depletion of non-T cells (MACS: Miltenyi 
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Biotec, Berglsch Gladbach, Germany). [ ? H]Thymidine ( Amersham Life Science, 
Buckinghamshire, UK) incorporation was measured in newly synthesized DNA 
over 18h, using pulses initiated at day 4 or 5 of the culture with 1 mCi/well of 
[ 3 H]thymidine. Cells were then harvested with a 96-well Harvester (Pharmacia, 
St. Quentin, France), collected on glass-fiber filter (Pharmacia) and the 
incorporation of thymidine was measured with a Beta-plate microscintillation 
counter (LKB, Pharmacia). 
[0170] Quantitation ofIL-12 production by ELISA. Supernatants were stored at 

-70°C until cytokine measurements. Production of bioactive IL-12 p70 was 
measured in duplicate using ELISA Quantikine Kits (R&D Systems, 
Minneapolis, MN) according to the manufacturer's instructions. Sensitivity of IL- 
12 detection was 0.5 pg/ml. 
[0171] Electrophoretic Mobility Shift Assay. Cells (4 x 10 6 ) were washed once 

in cold PBS. and allowed to swell on ice for 10 min in buffer A ( lOmM HEPES. 
pH 7.9, 1.5mM MgCL, lOmM KC1, 0.5m M DTT and 2mM PMSF) containing 
the following protease inhibitors: leupeptin. aprotinin, pepstatin and antipain, 
each at a concentration of 4 /xg/ml. Samples were then centrifuged and the pellet 
suspended in 20 fil of buffer C (20 mM HEPES, pH 7.8, 420 mM NaCl, 1 .5 mM 
MgCL, 0.5 mM DTT and 2 mM PMSF) containing the protease inhibitors. The 
mixture was left for 20 min on ice. Cell debris was removed by centrifugation 
and the resulting nuclear extracts were stored at -70°C. Protein concentration 
was measured with the BioRad protein assay (BioRad Laboratories, Munich, 
Germany). Nuclear extracts (5 /xg to 10 fig protein) were assayed for DNA- 
binding activity m a total volume ol 2u fi\ oi bmumg buffer iZOmM In.vHCi, 
v\{ s. W mM k< : M •>' 0" mM DTT. 12'" k-hcero!. and * ;/g 

p u!% j | j(- ; Nuclear extract^ u ere incuKiled sop.irately for 1 ^ minutes at ?0 J C 
with the duuble-strandcd labeled probes for NF-kB 
(S'-G A TCCC A AG AGGGATTTCACCTA A ATCC-3') (SEQ ID NO: IV The 
samples were then loaded onto a non-denaturing 5<7c polyacrylamide gel and 
subjected to electrophoresis at 14 V/cm in a low-ionic-strength buffer (0.5X 
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TBE), Gels were dried and examined with a Phosphorimager (Molecular 
Dynamics, Sunnyvale, CAV 
[0172] Statistics. Student t test was used to interpret the significance of 

differences hetween experimental groups (presented as mean ± s.d.) P value was 
two tailed and was considered significant when < 0.05. 

EXAMPLE 1 

Physiological Levels of Vitamin A Result in Increased Apoptosis of Immature 
Dendritic Cells, an Effect Mediated Through Nuclear Retinoic Acid Receptors 

[0173] To determine the effects of vitamin A on survival of immature dendritic 

cells (DC), Langerhans cells (LC) were produced as described above in the 
Materials and Methods, treated with varying concentrations of retinol (Rol), and 
cells were tested for viability and other markers of apoptosis. 1 jxM Rol 
significantly increased immature LC death, with a 20% and 40% reduction of 
viable cell numbers after two and three days, respectively (Fig. 1 A). At day two, 
17±8 % of the cells were apoptotic, vs. <5% in controls (p<0.01), as determined 
by flow cytometry analysis of PI stained nuclei and annexin V/PI staining of cells 
(Fig IB; Table 3 A). The active derivatives of retinol, all-trans retinoic acid (tRA) 
and 9-cis retinoic acid (9cRA), induced a similar dose- and time-dependent 
increase in death, albeit at lower (100 nM) concentration (Fig. 2 A, B and 
Table 2). A pan-RAR (a, P and y) antagonist (Compound VIII (see 
WO 98/46228, the disclosure of which is incorporated herein by reference; see 
also Chazaud. C, and Chambon, P., Development 726:2589-2596 (1999), and 
Tables 1 and 2 herein) inhibited retinol-induced cell death (Fig. IB, Table 3C), 
l ndicaluiLi that the c! ! n i i cU ikm u a> iried \ tiled lhi R \ -> ,itu ; l he i r nvept or> 

IX death u ai^o b locked by I he cuspa>c mhibiloi Z- \*ad- link ^1 ig. 2 A and 
fable 3C), but not by anti-Fas blocking antibody ZB4. Since LC express l as, 
these results indicate that a hasL-indcpendcnt mechanism is involved in retinol- 
induced apoptosis of LC. This effect was restricted to DC at their immature stage 
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of differentiation, because neither mature DC (CD40L-treated) nor monocytes 
(from day 0 to day 4 of culture with cytokines) died after exposure to retinoids. 



Table 2. Functional characteristics of retinoids. 
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'a) Retinoid activity: = agonist, "(+)" = weak agonist. "-" = antagonist; 
"0" = absence of agonist and antagonist activities; "nd" = not determined. 


(b) In some instances, Compound II may synergize with a RXR agonist (Chen, J.Y., 
el a!.. Nature ?<S2:8 19-822 (1906)). 
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Table 3, Retinol-induced apoptosis is mediated via RARa-RXR 
heterodimers and is inhibited by caspase inhibitors and TNFoc. 



Table 3A. RetinoK retinoic acids and a selective RARa ligand (Compound I) 

induce death of immature LC. 
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17±8 
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37±7 


10±<> 


l5 


„5 


<5 


*5 


<5 



(a) Values are mean ± SD percentage of apoptotic (<2N) particles after two days in 
culture with retinoids (day 2 ) determined by flow cytometry of propidium stained 
nuclei. 

(h) Italics: p<0.()5; bold: p<0.01 to <().()()!. 



Table 3B. Synergy between a pan-RXR agonist (SR 1 1237) and selective 
RARa and RARp agonists, (see Tables 1 and 2). 
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(a) bold: p<0.01 to <0.00I. 
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Table 3C. Inhibition of retinoid-induced apoptosis by RAR antagonists, 
caspasc inhibitor, TNFa and CD40L. 

^ Cmpd. I, Compound I, lOOnM 

l p M 1/xM luM + SRI 1237, lOOnM 

medium ,5 17*8 38±10 38±8 38±5 



Cmpd. 11(1 /i M) i5 
Cmpd. VIII (1 (tM) ^ 
Z-Vad (50 fiM) ' 5 
TNFa ( lOng/ml) 

CD40L <b) il_ 



5 



]5±8"" 9±5 (a) 7±3 

4±1 10±6 5±3 4±2 

9+4 9±7 11 ±4 

4.5±1 8±7 H±l 14±2 

<5 <5 *5 



(a) Italics: p<0.05; bold: p<0.01 to <0.001. 

(b) Coculture of LC with 25% irradiated CD40L transfected L cells. 



EXAMPLE 2 

RARa-RXR Heterodimers Mediate Retinoid-induced Apoptosis 

[0174] A panel of synthetic retinotd Hgands (Table 2) was used to investigate 

which receptors (among RARs and RXRs) were involved in the apoptotic effect 
of retinol. Day 6 immature LC were cultured for 40h with natural and synthetic 
retinoids or vehicle (ethanol. EtOH). caspase-inhibitor Z-Vad-fmk (50nM) or 
TNFa (lOng/ml) as indicated. Cells were washed and nuclei were stained with 
PI (50 M g/ml in PBS. 0.1 NaCl. 0.1% TritonX-100 for 20 min at 37°C). The % 
of sub 2N particles was analyzed on 2x 10 J events with a FACScahbur (Bccton 
Dickinson) using CcllQucsl software ^Bccton Dickm.on,. Similar n>ull> - eic 

r . ■ n i .... I-';,. 1 nnd "'B' 1 Refills 
■ ,l.i a Mi<''i vvith AnncMTi \ '1 ! staining oi muu vi_u~ ^ i • a..u _l 

, , . , „,.. T .,m e i ,ltv <bown in Table 3 A C are the mean 
± SD ol 3 to 10 experiments on different donors). 
10175] As shown in Figure 3 A and Tabic 3C. tRA-mduced apoptosis of immature 

LC was inhibited by the pan-RAR antagonist Compound VIII and by a RARa- 
selective antagonist (Compound II; Chen. J.Y.. el al.. Nature 382:819-822 
(1996)). Conversely, apoptosis was induced by a selective RARa agonist 
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(Compound I; Taneja, R., et al. y Proc. Natl Acad. ScL USA 9*6197-6202 
(1996)), but not by RARp agonists BMS 641 , BMS453; Chen, J.Y., etal, EM BO 
J. 74:1187-1197 (1995)), a RARy agonist (Compound IV; Taneja, R., et al, 
Proc. Natl. Acad. ScL USA 93:6197-6202 (1996)), or a pan-RXR agonist 
(SRI 1237/SR 1 1237; Chen, J.Y., et ai, Nature 382:819-822 (1996); Taneja, R„ 
et al. f Proc. Natl. Acad. ScL USA. 93:6197-6202 (1996); Lehmann, J.M., et ai, 
Science 258: 1944- 1946 (1992) ) (Fig. 1, Table 3 A). These results indicate that the 
apoptotic effect of retinoic acid is transduced by RARa. Interestingly, the pan- 
RXR agonist (SRI 1237), which had no effects on its own, had a synergistic effect 
on LC death induced by the selective RARa agonist (Table 2A and B). The 
RARP agonists Compound III and BMS453, but not the selective RARy agonist 
(Compound IV), also synergized with the pan-RXR agonist to induce LC death 
( Table 3B), albeit w ith a lower efficiency. Thus, the retinoid signal triggering LC 
death is transduced by RARa/RXR helerodimers in which the transcriptional 
activity of RXR is subordinated to hgand binding to its RAR partner (Chen, J.Y., 
et al, Nature 382:8X9-822 (1996); Chen, J.Y., et ai, EMBO 7. 14:1 187-1 197 
( 1995); Vivat, V .,et al, EMBO J. 76:5697-5709 (1997), Table 3)). Furthermore, 
RARP-RXR heterodimers can also mediate the apoptotic effect of retinoids, but 
with a lower efficiency. 

EXAMPLE 3 

Retinoid-induced Apoptosis is Inhibited by Inflammatory and Cognate Signals 

[HI 76] The data show n \\\ the preceding Example- mav acc<Him ;si kmm m part, 

tor the in vitro mmnnoi \ client i >t k ;u i u>id> ui \ the allogeneic mi \ ed h mp!n h \ te 
reaction (MLRuBediord, P. A. and Knight, S.C.Xlin. Exp. Immunol "^:48 1 486 
(1989)). However, they are puzzling when considering most in vivo data 
available (Malkovsky. M.wt a!.. Nature ^2:338-340 (1983); Meunier, L., et ai, 
J. Invest. Dermatol. 103:115-119 (1994)). and appear contradictory to 
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epidemiological data on vitamin A deficiency (Underwood, B. A. and Arthur, P., 
FASEB J. 70:1040-1048 (1996): Semba, R.D., Clin. Infect. Dis. 79:489-499 
(1994); Rahmathullah, L., et aL N. Eng. J. Med. 323:929-935 (1990); 
Sommer, A., Lancet 339:864 (1992); Ross, A.C. and Stephensen, C.B., 
FASEB J. 70:979-985 (1996)). A major difference between in vitro and in vivo 
antigen presentation may be the environmental inflammatory signals encountered 
by DC, because pathogens or grafting usually induce local inflammation. 
Inflammatory cytokines, such as TNFa and IL-ip, enhance migration of 
immature LC from the skin to the lymph nodes (Williams, N.A. and Hill, T.J., J. 
Invest. Dermatol. 97:933-937 (1991); Roake, J., et aL J. Exp. Med. 787:2237- 
2247 (1995)) and were shown to contribute to activation of immature DC 
( including LC in vivo) (Banchereau, J. and Steinman, R.M., Nature 392:245-252 
(1998); Sallusto, F., et aL J. Exp. Med. 782:389-400 (1995)). We therefore 
investigated the effect of TNFa and IL- IP in the presence of retinoids. 

We found that TNFa inhibited the pro-apoptotic effects of retinol in a 
dose-dependent manner (>50% inhibition at 1 ng/ml of TNFa), as well as those 
of tRA (Fig. IE), 9cRA and of the RARa selective agonist Compound I 
(Table 3C). Other stimuli known to contribute to LC activation such as IL-ip (1- 
10 ng/ml ) and the cognate signal CD40L (Table 3C) also inhibited the apoptotic 
effect of retinoids. Therefore, retinoids and inflammatory or cognate signals have 
opposite effects on immature LC survival. In addition, the apoptotic effect of 
retinoids and its inhibition by the above mentioned signals was also observed on 
other type of immature DC (i.e., differentiated from monocytes in the presence 
oi UM LSI- una IL-4 j. 

FX AMPLE 4 

Synergistic Activation of Immature Dendritic Cells by Retinoids and 
Inflammatory Cytokines 

[0177] We next investigated the effects of retinoids on immature LC activation. 

On its own, TNFa (as well as LPS and 1L-1P) is not sufficient to induce 
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significant activation (Class II and costimulatory molecule expression and 
enhancement of antigen presentation) of immature LC (Geissmanm F., et <//., 
J. Immunol 762:4567-4575 (1999); see also Figs. IE, 3A, 5), because TGF-pi 
inhibits the activation of these cells in response to inflammatory stimuli 
(Geissmann, F., J. Immunol 762:4567-4575 (1999); Garbe A, et al, Blood, 
American Society of Hematology, 40th meeting, Abstract 668 (1998)). This may 
account for the presence of immature LCs in the T-cell zone of skin-draining 
lymph nodes (Geissmann, F., J. Immunol 762:4567-4575 (1999);Takahashi, K., 
et aU Am. 7. Pathol 753:745-755 (1998)), and it raises the possibility that other 
factors regulate immature DC activation by inflammatory cytokines. 
[0178] Strikingly, retinol synergized with TNFoc (>1 ng/ml) (Figs. IE and 3A) 

to induce a dose-dependent increase in the percentage of DR hI -CD86 hl LC which 
parallels inhibition of apoptosis (see Fig. IE). Rol also synergized with IL-ip 
(1-10 ng/ml) to activate LC. and tR.A, 9cRA and the selective RARa agonist 
Compound I (Figs. IE, 3 A, B) had similar effects as Rol. In addition, the 
selective RXR agonist SRI 1237 also synergized with TNFoc (at 1-10 ng/ml) to 
activate LC (Figs. 3A, B. In contrast, in the absence or at low concentrations of 
TNFa (>1 ng/ml), Rol and tRA (Fig. IE) as well as 9cRA, RAR and RXR 
agonists (Fig. 3A) did not significantly induce class II or CD86 upregulation on 
immature LC, nor increase their antigen presentation efficiency (see below, Figs. 
IE and 4. Rather, in 6 out of 9 experiments on distinct donors, retinoids on then- 
own further decreased the capacity of immature LC to stimulate T-cells (see Fig. 
4B). 

I X WIPLi; c 

R^tin.iiiU Svneroi/e w ith TNFo 1 to Enhance Antigen Presentation to T-cells 

[01791 LC migrate in T-cell areas of secondary lymphoid organs where thev 

interact with T-helper cells (Banchcreau, J . and Steinman, R.M., Nature 392:245- 
252 ( 1998)). Their levels of class II and costimulatory molecule (e.g.. CD86) 
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expression influence the outcome of this interaction. To investigate the effect of 
retinoids on an antigen-specific immune response, we studied the presentation of 
tetanus toxoid (TT) by LC to fresh autologous lymphocytes of immune 
individuals. TT-pulsed LC exposed to retinoids and TNFa induced a four-fold 
increase in the proliferative response of autologous T-lymphocytes as compared 
with pulsed untreated LC or LC incubated with either TNFa alone or retinoids 
alone (Fig. 4A). LC treated with retinoids and TNFa also increased allogeneic 
T-lymphocyte proliferation (MLR) (Figs. 1C and4B). 
[0180] Note that even though LC were washed several times before coculture, a 

direct effect of retinoids on T-cells cannot be easily ruled out because retinoids 
are highly lipophilic. However, such an effect appears unlikely, as tRA and/or 
TNFa-treated LC did not stimulate autologous T-lymphocytes in the absence of 
antigen (Fig. 4A ). Furthermore, T-cells neither respond to externally provided 
rctinoic acid, nor synthesize appreciable amounts of it (Buck, .1.. e.t aL. Science 
254:1654-1656 (1991)). We therefore conclude from the above results that 
retinoids synergize with inflammatory signals to induce activation of immature 
LC, and enhance their ability for antigen presentation. 



EXAMPLE 6 

Retinoids Synergize with TNFa to Increase DNA-binding Activity 

of NF-kB Complexes 

[0181] Since nuclear translocation and binding of NF-kB complexes to their 

DNA response element has been shown to mediate DC activation (Banchereau. 
j. and Steiniiunv k.M. ? \,nun Jv2:245 252 ii99S;, Resciguo, M., n a!.. J. /..■/>. 
Med y<S\V:2 1 75-21 80 ( one possible cttect ol retinoids could be 10 increase 
DNA binding of NF-kB. As shown in Fig. 5, addition of TNFa after a short (6 
hr) exposure to retinoids induced a stiong increase in the binding ot nuclear NF 
kB complexes to a cognate DNA probe when compared to nuclear extracts from 
cells non-exposed to retinoids. Retinoids on their own had no detectable effect 
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on NF-kB complex binding activity (Fig. 5). Interestingly, addition of TPCK 
(10 nfvl), reported by others to inhibit translocation of NF-kB and activation of 
DCs (Takahashi, K., et al, Am. J. Pathol. 753:745-755 (1998)), inhibited by 50% 
the increase of class II and CD86 on LCs treated with tRA andTNFa without any 
evidence of toxicity. 



EXAMPLE 7 

IL-12 Production by LC is not Influenced by Exposure to Retinoids 

[0182] DC activate T-cells through antigen-restricted class II/TCR and 

costimulatory molecule interaction (Banchereau, J. and Steinman, R.M., Nature 
392:245-252 (1998)). Activated T-cells then in turn activate DC/LC through 
CD40L/CD40 interaction (Ridge, J., et al, Nature .W:474-47X (1998): 
Banchereau, J. and Steinman, R.M., Nature 392:245-252 (1998)), resulting in the 
production of IL-12 by DC/LC (Cella, M., et aL, J. Exp. Med. 184:141-457 
(1996); Banchereau, J. and Steinman, R.M., Nature 392:245-252 (1998)). We 
investigated whether retinoids may influence IL-12 production by LC at the 
cellular level. Neither TNFa or retinoids alone, nor the combination of the two, 
at doses which induce apoptosis or activation, induced production of significant 
levels of IL-12 in culture supernatants in the absence of CD40 triggering 
(Fig. 4CY CD40 triggering resulted in the production of IL-12 by LC, which was 
not modulated by retinoids and TNFa (Fig. 5). Thus retinoids, that enhance the 
early phase ol LOT -ceil antigen-re^ncted interaction mediated through 
hw H/'ICR ; h ! ( i i (Kiiniiilatiiu i ni ik\ i ik's. !iia\ hoi replace. Ti or influence 
direcih. the hue !^<ue ^f the I OT ... -HI int,- ■ t,,,n mediated trough CD40L/CD40 
inlet action. 
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EXAMPLE 8 



Distinct Retinoid Receptor Pathways Mediate the Effects of Retinoids on 
TNFa-induced LC Activation 

[0183] The pan-RXR agonist (SRI 1237) synergized with TNFa to induce 

expression of CD86 and class II antigen (Fig. 3A), to increase DNA-binding 
activity of NF-kB complexes (Fig. 5) and to enhance presentation to antigen- 
specific T-cells (Fig. 4). The pan-RAR antagonist (Compound VIII) had only 
a weak effect on this TNFa-SR 11237 synergism for LC activation (Fig. 3C-E). 
In contrast. Compound VIII strongly inhibited tRA-induced and Compound I- 
induced apoptosis (Table 3), as well as RAR-dependent activation of LC (see 
below). Moreover, another synthetic retinoid (BMS749), that acts as both a pan- 
RXR agonist and a pan-RAR antagonist (Benoit et al, manuscript submitted), also 
svnergized with TNFa to activate LC. Note that neither SRI 1237 (Table 3) nor 
BMS749 exhibited an apoptotic effect on their own. Thus, actuation ot 
immature LC in synergy with TNFa may be achieved via a RXR pathway that is 
RAR-independent and not involved in apoptosis. 
[0184] On the other hand, the synergistic effects between TNFa and either 

retinol, tRA or the RARoc agonist Compound I on LC activation were inhibited 
by the pan-RAR antagonist Compound VIII (Figs. ID, 3C), demonstrating that 
a RARa-dependent pathway could also induce activation. Interestingly, the 
RARoc antagonist Compound II synergized with the RXR agonist (SRI 1237) for 
TNFa-induced LC activation (Fig. 3C-E) and antigen presentation (Fig. 4A, B). 
This synergistic effect was inhibited by Compound VIII (Fig. 3D), therefore 
indicating the involvement of RXR/RARa heterodimers. Note that Compound 
II did not induce, but mhibued reiniuid-iiiduced upopio.v^ ;. 1 aDic j; A c j. 
[0185] Altogether these results demonstrate that the ellects ot retinoids on Ix 

activation are efficiently transduced through both (I) an RXR pathway that is 
RAR-independent. and (n) an RARa/RXR heterodimer-dependent pathway, the 
latter responding to bona fide RARa agonists (tRA and Compound I), as well as 
to the RARa antagonist Compound II in the presence of the pan-RXR agonist 
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SR1 1237. The RARP agonists (Compound III and BMS453) had a weak effect 
on activation of immature LC (Fig. 3A) and the selective RARv agonist 
(Compound IV) had no effect whatsoever. Interestingly, the pan-R AR antagonist 
Compound VIII only partially blocked 9cRA-induced activation (Fig. 3C\ to a 
level similar to that obtained with the RXR agonist SRI 1237. These results, 
considered together with the fact that 9cRA binds to both R AR and RXR, suggest 
that 9cRA is able to trigger both the RAR-dependent and the RAR-independent 
pathways of LC activation. 



General Discussion 

[0186] Our present data demonstrate that vitamin A (retinol) acts at physiological 

concentration on immature dendritic cells such as Langerhans cells, to regulate 
either apoptosis or antigen presentation in cooperation with inflammatory 
cytokines, and that these effects are mediated by its active derivatives and their 
cognate nuclear receptors. This identifies immature dendritic cells as a key 
cellular target of vitamin A m the immune system. 

[0187] DC are essential antigen-presenting cells that initiate immune responses. 

Immature Langerhans cells internalize antigens and, after being activated by 
inflammatory stimuli and other indicators of cell damage, migrate to T-cell areas 
of secondary lymphoid organs where they foster the egress of effector T-cells in 
the periphery (Banchereau, J. and Stemman, R.M., Nature ^92:245-252 (1998)). 
DC also stimulate B-cell (Banchereau, J. and Steinman, R.M., Nature 392:245- 
252 (1998)), NKT (Kawano, T., et al. t Science 278: 1626-1629 (1997)) and NK 
^Fernandez, N.C., et aL, Nat. Med. -^405-411 U999,) immune response. 

L: pi T htM 1 ; ) ! ;ri|v pit >d i.K ati!\L i v 1 1 \j i ^Mli^i. J ^ — - 

. iooom. - h R h required for the differentiation of Malpiszhian-epithelium 
associated immature Fangerhans eel! differentiation (Borkowski . T . etal J Exp, 
Med. 184:2M1 (1996)), but TGFpl inhibits the inflammatory stimuli-mediated 
activation of immature LC (Geissmann, F.,7. Immunol 762:4567-4575 ( 1 999); 
Garbc A, et aL, Blood, American Society of Hematology, 40th meeting. Abstract 
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668 ( 1 998)). Interestingly, our results suggest a role for retinoids in the activation 
of immature LC in Malpighian epithelia (where most pathogens are encountered), 
as upon their addition, immature LC are synergistically activated in the presence 
of moderate amount of inflammatory mediators -1 to lOng/ml ofTNFa orIL-ip- 
likely to be produced at the site of local inflammation. This may allow cell 
damage to be taken into account at the earliest phase of the cognate immune 
response by efficiently triggering an antigen-specific T-lymphocyte-mediated 
immune response. 

[0188] In contrast, in the absence of inflammatory stimuli, natural retinoids on 

their own do not activate immature LC but instead increase their rate of apoptosis 
in a dose-dependent manner. Thus, under excess conditions, retinoids could be 
inefficient or even have an inhibitory effect to mount an immune response in 
situations where inflammatory stimuli are weak or absent. Similar effects of 
retinoids (apoptosis in the absence of inflammatory stimuli and enhancement of 
TNFa-induced activation) have been observed in an other model of DC obtained 
from human monocytes after culture in the presence of GM-CSF and IL-4 
(Sallusto, F. and Lanzavecchia, A., J. Exp. Med. 779:1109-1119 (1994); our 
unpublished data). Therefore the opposite effects of retinoids on the immune 
response that have been described both in vitro and in vivo (Underwood, B. A. and 
Arthur, P., FASEB J. 70:1040-1048 (1996); Semba, R.D., Clin. Infect. 
Dis. 79:489-499 (1994); Rahmathullah, L., et al, N. Eng. J. Med. 323:929-935 
( 1990); Sommer, A., Lancet 339:864 (1992); Ross, A.C. and Stephensen, C.B., 
FASEB J. 70:979-985 (1996); Semba, R.D. etal, Lancet. 345: 1330-1332 (1995); 
Dicker, D.W., \aiurc 277:527-529 ^ I96b j, Malko\=>k>, M., t 7 al. Waurc 
>0: V,R -U0 < IOSTk Bedford, P A and Knight.. S C.. din. Exp 

!,,,,,,,,,><<! ~^4S! M0R0V Kat/ OR . et al . Br J Exp Path. 6V^4^^0 

H987); Walsh. L.J.. et al. J. Invest Dermatol #5:501-506 (1985); 
Meunier, L., et alj. Invest. Dermatol 103:115-119 (1994); Hachisuka. H. and 
Uno,H.,A/w. J. Dermatopathol 9:3 1 6-323 ( 1987); Williams, N. A. and Hill, T J., 
J Invest. Dermatol 97:933-937 (1991); Semba, R.D.. et al, Public Health 
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777:245-247 (1997)) could be related to the presence and absence of 
inflammatory signals. 

[0189] Our results demonstrate that the retinoid signal triggering caspase- 

dependent immature LC apoptosis in the absence of inflammatory signals is 
transduced by RARa/RXR heterodimers in which the transcriptional activity of 
RXR upon binding of an agonistic ligand is subordinated (Chen, J.Y., et al, 
Nature 552:819-822 (1996); Chen, J.Y., et al, EMBO J. 74:1187-1197 (1995); 
Vivat, V.. etal. EMBO J. 76:5697-5709 (1997)) to the binding of agonist ligand 
to its RARa partner (Fig. 1, Table 3, Fig. 6). On the other hand, the retinoid 
signals that synergize with TNFoc to induce LC activation (as evidenced by 
increased DNA-binding activity of NF-kB complexes, increase of cell surface 
expression of class II and costimulatory molecules, and enhancement of antigen 
presentation > are mediated by two distinct pathways that can be dissociated from 
the apoptolic one by using synthetic ligands {see Fig. 6). A first pathway is RXR- 
dependent and RAR-independent, as it is induced by RXR-selective agonists 
(SRI 1237, Compound V) and unaffected by RAR antagonists (Compound VIII, 
Compound II). The retinoid signal may be transduced by RXR homodimers 
acting on DR 1 response elements, and/or possibly through heterodimers between 
RXR and other nuclear receptors, such as PPARs or several orphan receptors 
(Chambon, P.. FASEB. J. 70:940-954 (1996); Mangelsdorf , D.J. and Evans, 
R.M., Cell 55:841-850 (1995); Forman, B.M., et al. Cell 55:803-312 (1995); 
Kliewer. S.A.. et al. Cell 55:813-819 (1995)). A second pathway involves 
RARa/RXR heterodimers as evidenced by the induction of LC activation by the 
RARa selective agonist Compound I, and the synergistic etteu ut the RARa- 

. ., , , n x r o i ♦ ' - v CD I I Fiff 

^ Iht'itiH ( » m-iivM inn I and the K \ ft se ie^ t i \ l utiv .>m >l o ft i i - 1 

■> C i V- ^ l i * v i i i_ n i i V..* v . , . i t ■ > - ' ^ ' 1 - 

v - r i,.,,,,.,.. n.,t,.ti vi t rompni'niill uhirh i n h i hi t <; t ran s act i v at i on b v 

RARa from DR5 response elements in transaction experiments, was already 
shoW n in another instance (Chen. J.Y.. et al. Nature 5*2:819-822 (1996)) to 
synergize with the RXR agonist SRI 1237 via RARa/RXR heterodimers. 
I lowcvcr. this second RARa/RXR heterodimer pathway is clearly different from 
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the heterodimer pathway responsible for apoptosis of immature LC in the absence 
otTNFa, as the latter is not triggered by the Compound II/SR 1 1 237 combination. 
Thus, the ligand-binding requirements of RARa/RXR heterodimers to induce 
apoptosis and activation of immature LC are different (Fig. 6), indicating that the 
responsive genes and coactivators proteins involved in these two processes are 
most probably different. 
[0190] The availability of selective retinoid nuclear receptor ligands, which 

dissociate apoptosis and activation of immature LC. may open new avenues for 
the therapeutic control of immune response, e.g., to improve efficiency of 
vaccination against certain pathogens or tumor antigen. For example, a RXR 
selective agonist (SRI 1237) has no effect on its own on LC apoptosis, whereas 
it can induce LC activation, and the RARcc ligand Compound II in combination 
with the RXR agonist SRI 1237 stimulates antigen presentation in the presence 
of inflammatory cytokines (Fig. 4). while it inhibits the RARcc/RXR-mediated 
apoptotic effects of natural and synthetic retinoids (Table 3). 
[0191] Vitamin A deficiency impairs resistance to infection and increases the nsk 

of death, particularly to pathogens encountered at epithelial barriers, and induces 
a broad immune defect in response to infection, involving T-, B-, and NK-cells 
(Underwood, B.A. and Arthur, P., FASEBJ. 70:1040-1048 ( 1996 ); Semba, R.D., 
Clin. Infect. Dis. 79:489-499 (1994): Rahmathullah, L., et ah, N. Eng. J. Med. 
323:929-935 (1990); Sommer, A., Eancet 359:864 (1992); Ross, A.C. and 
Stcphensen. C.B.. FASEB J. 70:979-985 (1996)). In our study, the minimum 
effective dose of retinol for significant LC activation ( 1/xM) closely corresponds 
to the serum threshold for vitamin A deficiency I.L05 (iM.i tSemDa, R.D., Liin. 
lull , i Di\ /9'489 4') l > t ! l . ,l .'1M | hus. u retinoui-reiaieu delo-i in unmatuie 
i , m ... ,; . i • . . .(->!•" -vnl-.n-"' '<>" for immune defect and 
the increased mortality due to infection in vitamin A deficiency Furthermore, 
increased susceptibility to infection of some individuals in Western countries 
could be due. in some cases, to alteration or polymorphisms in vitamin A 
metabolism. 
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[0192] Having now fully described the present invention in some detail by way 

of illustration and example for purposes of clarity of understanding, it will be 
apparent to one of ordinary skill in the art that the same can be performed by 
modifying or changing the invention within a wide and equivalent range of 
conditions, formulations and other parameters without affecting the scope of the 
invention or any specific embodiment thereof, and that such modifications or 
changes are intended to be encompassed within the scope of the appended claims. 

[0193] All publications, patents and patent applications mentioned in this 

specification are indicative of the level of skill of those skilled in the art to which 
this invention pertains, and are herein incorporated by reference to the same 
extent as if each individual publication, patent or patent application was 
specifically and individually indicated to be incorporated by reference. 



